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Valvasor's library proved to be a good representative sample for non-destructive research of 17th-
century paper. Non-destructive research and analysis were conducted on 144 sheets of paper from 
the Valvasor collection. To better understand the properties of historical paper on 10 paper fragments 
from the period from 16th to 19th centuries, destructive research has been conducted.  
This thesis is divided into two major sections, the theoretical and the experimental part. In the 
theoretical part, Valvasor's biography, life’s journey, his collector's passion for books and graphics, and 
his work on printing and publishing books were examined. The history of Valvasor's library after his 
death has been followed throughout the history of the Metropolitan Library in Zagreb, where his 
library is kept today. In special chapters, the historical development of the technology of making 
handmade paper and a review of the literature in the field of scientific research of historical paper are 
presented. In the theoretical part, a chapter is dedicated to the databases of museums and galleries 
that store works of art on paper and technical databases who work with collecting of data on paper.  
In the experimental part, the materials on which non-destructive and destructive analyses were 
performed are presented, as well as the devices with which the recording and measurements were 
done. Of the non-destructive measurement methods used on historical papers, measurements of 
paper thickness and pH as well as optical properties (brightness, yellowness, opacity and gloss) were 
performed. The dimensions of the sheets, the paper mold imprint, and the watermark were also 
measured on Valvasor's papers, which helped determine the provenance and raw format of the sheets. 
Thus, according to the dimensions of the sheets, the imprint of the mold, and the position of the 
watermark, it may be concluded that the paper sheets in the Valvasor books subject to this study 
originate from two paper mold formats, a smaller and a larger one, and that the book formats were 
adapted accordingly. Most of the watermarks found on the papers are in the form of the coat of arms 
and one watermark most often appears in editions printed by Valvasor on his estate in Bogenšperk. 
Microscopic analyses revealed specific fibers that were used in the paper production technology of the 
time. Optical properties characterized them as yellowish opaque papers without gloss.  
Destructive analyses of the fragments went deeper into the composition and properties of the paper. 
Initially, spot tests were performed to determine absorbency, an identify lignin and starch in paper 
samples. Of the elementary analyses, SEM-EDS and XRF analyses were performed for the identification 
of inorganic elements in the sample and FTIR analysis was performed to identify chemical composition  
in organic compounds of cellulose fibers, fillers, and coatings.  Microscopic analyses were performed 
in two ways - the paper surface was imaged with a digital microscope and the morphological analysis 
of the fibers was conducted on an optical microscope. Components were discovered in fragments of 
historical papers by destructive analyses, thus confirming their presence in handmade paper over four 
centuries. Analyses confirmed certain components and did not confirm others, so starch was not 
confirmed as a possible component in the paper in any of the samples. Elemental analyses yielded a 
full range of elements in the samples. Part of the identified elements in XRF and SEM-EDS analyses 
were defined through the composition of the components in the paper. Analysis of paper fibers 





The dissertation is accompanied by a paper database of Valvasor's collection containing bibliographic 
data and data on each individual sheet of paper by its dimensions, thickness, pH, optical properties of 
brightness, yellowness, opacity, and gloss, watermark description and its dimensions, position and 
imprint of the paper mold, paper mill and papermaker in case there is data regarding them. 
Keywords: 




V okviru disertacije obravnavana Valvasorjeva knjižnica se je izkazala kot dober reprezentativni vzorec 
za nedestruktivne raziskave papirja iz 17. stoletja. Nedestruktivne analize so bile opravljene na 144 
listih papirjev iz Valvasorjeve zbirke. Za boljše razumevanje lastnosti zgodovinskega papirja so bile na 
10-ih fragmentih papirja, iz obdobja od 16. do 19. stoletja, izvedene tudi destruktivne analize.  
Delo je razdeljeno na dva velika sklopa, teoretični in eksperimentalni del. V teoretičnem delu je 
predstavljen življenjepis barona Ivana Waikharda Valvasorja, njegova življenjski pot, zbirateljska strast 
do knjig in grafik ter njegovo delo na področju tiska in založništva. Skozi zgodovino Metropolitanske 
knjižnice v Zagrebu, kjer se sedaj hrani njegova knjižnica, je prikazana zgodovina Valvasorjeve knjižnice 
po njegovi smrti. V posebnih poglavjih sta predstavljena zgodovinski razvoj tehnologije izdelave papirja 
in pregled literature s področja znanstvenega raziskovanja zgodovinskega papirja. V teoretičnem delu 
je zadnje poglavje namenjeno opisu podatkovnih baz muzejev in galerij, ki hranijo umetnine na papirju, 
in tehničnih podatkovnih baz, ki se ukvarjajo z zbiranjem podatkov o papirju.  
V eksperimentalnem delu so predstavljeni materiali, na katerih so bile opravljene nedestruktivne in 
destruktivne analize, ter naprave, s katerimi so bile izvedene analize. Med nedestruktivnimi  metodami 
so bile na zgodovinskih papirjih izvedene meritve debeline, pH papirja ter optičnih lastnosti (svetlost, 
rumenost, opaciteta in sijaj). Na papirjih iz Valvasorjeve zbirke so bile določene dimenzije listov, odtis 
sita in prisotnost ter položaj vodnega žiga, kar je omogočilo določiti izvor in surovi format listov. 
Ugotovili smo, da listi papirja v raziskanih Valvasorjevih knjigah izvirajo iz dveh formatov sita, manjšega 
in večjega, čemur so bili prilagojeni formati knjig. Večina vodnih žigov, najdenih na papirjih, je v 
znamenju grba, en znak pa se najpogosteje pojavlja v izdajah, ki jih je Valvasor natisnil na svojem 
posestvu v Bogenšperku. Mikroskopske analize so razkrile prisotnost vlaken, ki so se uporabljala v 
takratni tehnologiji proizvodnje papirja. Rezultati merjenja debeline in pH papirja iz 17. stoletja so 
pokazali, da so debelejši in bolj kisli v primerjavi z današnjimi. Na podlagi meritev optičnih lastnosti jih 
lahko razvrstimo med rumenkaste, neprosojne papirje brez sijaja.  
S pomočjo destruktivnih analiz izvedenih na fragmentih zgodovinskih papirjev se je lahko natančneje 
določila sestava in lastnosti papirjev. Izvedeni so bili testi obarvanja z reagenti za določitev vpojnosti, 
prisotnosti lignina in škroba. S pomočjo vrstične elektronske mikroskopije z energijsko disperzijskim 
spektrometrom (SEM-EDS) in rentgenske fluorescenčne spektrometrije (XRF) je bila izvedena 
identifikacija anorganskih elementov, s Fourierjevo transformacijsko infrardečo spektroskopijo (FTIR) 
pa identifikacija kemijske sestave v organskih spojinah celuloznih vlaken, polnil in premaza. 





mikroskopom, morfološka analiza vlaken pa je bila opravljena na optičnem mikroskopu. Prevladujejo 
vlakna lanu in konoplje, v majhnem deležu pa je prisoten še bombaž, svila in vlakna podobna slami. 
Potrjena je bila prisotnost polnil na osnovi kalcija in prisotnost želatine, medtem ko škrob kot možna 
komponenta v papirju ni bil potrjen. S pomočjo destruktivnih analiz so bile tako določene različne 
komponente v fragmentih zgodovinskih papirjev, kar je potrdilo njihovo prisotnost v ročno izdelanem 
papirju v štirih stoletjih.  
Opravljene analize papirjev so bile podalaga za izdelavo spletne podatkovne baze papirja iz 
Valvasorjeve zbirke VALPER, ki vsebuje bibliografske podatke in lastnosti papirja. Za vsak posamezni 
analizirani list papirja so podane njegove dimenzije, debelina, pH, optične lastnosti (svetlost, rumenost, 
opaciteta, sijaj), opis vodnega žiga, njegove dimenzije in položaj, odtis sita ter podatki o papirnem 
mlinu in izdelovalcu papirja.  
Ključne besede:  








Fig. 1 The Town of Bogenšperk from the book Topographia Ducatus Carnioliae modernae, 
1679 
5 
Fig. 2 Valvasor's account of the activities of Lake Cerknica in the book Die Ehre des 
Hertzogthums Crain, 1689 
8 
Fig. 3 Valvasor's ex libris from Volume VII of Valavasor's print collection, call number M158VII 
(photo. A.Dragojević) 
15 
Fig. 4 An 18th-century Qing dynasty print depicting Cai Lun as the patron of papermaking 19 
Fig. 5 Stromer's paper mill in the Nuremberg Chronicle of 1493. The building complex is at 
the lower right corner, outside the city perimeter 
21 
Fig. 6 Jost Amman, The Papermaker in Hartman Schopper's Book of Crafts; Jost Amman: 
Chartarius. Der Papyrer: Panoplia. Omnium illiberalium mechanicarum aut sedentarium 
artium genera kontinenti; Hartmannu Schopperu Francoforti ad Moenum, apud Georgium 
Coruinum, impensis Sigismundi Feyerabent, 1568 
22 
Fig. 7 Georg Andreas Böckler: Theatrum Machinarum Novum, published in Nuremberg 1661 23 
Fig. 8 Elias Porzelius, “Das wohlausgesonnene Pappiermachen”, in the book entitled: 
Curiöser Spiegel, worinnen der gantze Lebenslauf des Menschen von der Kindheit bis zum 
Alter zu sehen, in Figuren, mit beygefügten ganz neuen kurzen Erklärungen; Nuremberg, 
published in the edition by Johann Endter, 1689. 
24 
Fig. 9 Prints showing the processing of gelatin paper in the mid-18th century from the 
Encyclopédie, ou Dictionnaire raisonné des sciences, des arts et des métiers, vol. 5 (plates 
XI), Diderot & d’Alembert. Paris, Briasson [etc.] 1765 
27 
Fig. 10 The construction of the Holander beater, Encyclopédie, ou Dictionnaire raisonné des 
sciences, des arts et des métiers, vol. 5 (plate VIII), Diderot & d’Alembert. Paris, Briasson 
[etc.] 1765 
28 
Fig. 11 Representation of the creation of a paper mold from Encyclopédie ou Dictionnaire 
raisonné des sciences, des arts et des métiers, par une Société de Gens de lettres Diderot & 
d'Alembert, 1772. Plate IX: Paper Manufacturing, Maker of the Forms 
29 
Fig. 12 A paper mold from the period of 1880-1885, Science Museum, London, England  29 
Fig. 13 A paper mold diagram showing the parts of the mold 29 
Fig. 14 The first recorded watermark according to Briquet (Briquet 5410), Bologna, 1282. 30 
Fig. 15 A photo of the museum’s (The British Museum) web-page with information on A. 






Fig. 16 A photo of the museum’s web-page (The Metropolitan Museum of Art) with 
information on A. Dürer’s print The Four Horsemen 
54 
Fig. 17 A photo of the museum’s web-page (Albertina) with information on A.Dürer’s print 
The Four Horsemen 
55 
Fig. 18 A photo of the museum’s web-page (Kupferstichkabinett) with information on A. 
Dürer’s print The Four Horsemen 
56 
Fig. 19 A photo of the museum’s web-page (RijksMuseum) with information on A. Dürer’s 
print The Four Horsemen 
58 
Fig. 20 A A photo of the museum’s webpage (Musée du Louvre) with information on A. Dürer 
entitled The Scene of the Life of the Virgin: Death of the Virgi 
59 
Fig. 21 Photograph of the EVTEK database website  66 
Fig. 22 Photograph of the EVTEK database website 67 
Fig. 23 Photograph of the EVTEK database website 68 
Fig. 24 Home Page of the website Bernstein/Memory of paper 69 
Fig. 25 Home Page of the watermark catalog 70 
Fig. 26 A catalog page with a selection of watermark motifs 71 
Fig. 27 Front Page of the IPH International Standard for the Registration of Papers with or 
without Watermarks Version 2.1.1 (2013) 
74 
Fig. 28 Details with stains on 3D and 10D paper samples after surface pH measurement 87 
Fig. 29 Diagram of measured pH values on paper samples 1D - 10D 88 
Fig. 30 Diagram of measured brightness values on paper samples 1D - 10D 88 
Fig. 31 Diagram of measured brightness yellowness on paper samples 1D - 10D 89 
Fig. 32 Diagram of measured opacity values on paper samples 1D - 10D 90 
Fig. 33 Procedure for measuring paper absorption time  92 
Fig. 34 Line stains formed after measurement on sample 2D 92 
Fig. 35 Diagram of measured paper absorption test values expressed in minutes and seconds 
from 1D - 10D 
92 
Fig. 36 FTIR of sample 1D, prominent parts of cellulose in the fingerprint region, about 
1000cm-1 (1030 and 1050cm-1) and about 1100cm-1 (1108 and 1160cm-1), and in the area 






Fig. 37 FTIR analysis of sample 6D, the prominent parts of gelatin in the area of single bond 
stretching, C-H stretching, (2918cm-1) and in the area of double bonds, three sharp bands of 
amide I, amide II, and amide III (1645, 1542, and 1451cm-1). 
108 
Fig. 38 FTIR analysis of sample 7D, the prominent parts of calcium carbonate in the 
fingerprint region, a sharp and a strong peak about 1400cm-1 (1424cm-1), and two sharp, 
but weak, spikes about 800-700cm-1 (899 and 876cm-1). 
108 
Fig. 39 FTIR analysis of sample 8D, the only prominent part of the gypsum in the fingerprint 
region, a sharp and weak peak/frequency around 660cm-1, SO42- bending band (665cm-1). 
109 
Fig. 40 FTIR spectra/graphs on samples from 1D to 10D 110 
Fig. 41 FTIR samples sorted by dates 1D (17th century), 6D (18th century) and 8D (19th 
century) 
111 
Fig. 41 Sketch from the book 3ND 121 
Fig. 42 Geographical map from the volume 5ND 121 
Fig. 43 and A light sheet inserted under a sheet of paper in book 3ND 122 
Fig. 44 measuring the dimensions of the watermark and the mold lines in the book 122 
Fig. 45 Watermark Bishop's staff found on the 1ND paper sheet 123 
Fig. 46 Watermark on the front endleaf and the endleaf  of the book 7ND 124 
Fig. 47 Watermark on the endleaf of the book 4ND 124 
Fig. 48 Watermark on the endleaf of the book 2ND 124 
Fig. 49 Procedure for imaging the surface of paper sheets with a digital microscope 125 
Fig. 50 Typical examples of blue fibers 126 
Fig. 51 Typical examples of red fibers 126 
Fig. 52 Typical examples of a thin light brown fiber  126 
Fig. 53 Typical examples of a thick light brown fiber  126 
Fig. 54 Typical examples of a thin dark brown fiber 126 
Fig. 55 Thick light brown fiber  126 
Fig. 56 White fibers visible on that thicker brown fiber 126 
Fig. 57 Detail of call-number M198 book endleaf in transmitted light with a visible screen 
print and fiber shadow along chain lines 
127 





Fig. 59 An improvised stand on which a micrometer is placed 128 
Fig. 60 Procedure for measuring the pH of the paper of the Valvasor collection 130 
Fig. 61 Diagram of measured pH values on paper samples from 1ND 131 
Fig. 62 Diagram of measured pH values on paper samples from 2ND 131 
Fig. 63 Diagram of measured pH values on paper samples from 4ND 131 
Fig. 64 Diagram of measured pH values on paper samples from 6ND 132 
Fig. 65 Diagram of measured pH values on paper samples from 5ND 132 
Fig. 66 Diagram of measured pH values on paper samples 7ND - 10D 133 
Fig. 67 Diagram of measured brightness values on paper samples from 5ND 134 
Fig. 68 Diagram of measured brightness values on paper samples from 7ND 135 
Fig. 69 Diagram of measured brightness values on paper samples from 2ND 135 
Fig. 70 Diagram of measured brightness values on paper samples from 6ND 136 
Fig. 71 Diagram of measured brightness values on paper samples from 1ND 136 
Fig. 72 Diagram of measured yellowness values on paper samples from 1ND 138 
Fig. 73 Diagram of measured yellowness values on paper samples from 3ND 138 
Fig. 74 Diagram of measured yellowness values on paper samples from 7ND 139 
Fig. 75 Diagram of measured yellowness values on paper samples from 5ND 139 
Fig. 76 Diagram of measured opacity values on paper samples from 7ND 141 
Fig. 77 Diagram of measured opacity values on paper sheets from 6ND 141 
Fig. 78 Diagram of measured opacity values on paper sheets from 4ND 142 
Fig. 79 Measuring the gloss of a sheet of paper with the Elcometer 407 on the book marked 
7ND 
143 
Fig. 80 Diagram of measured gloss values on paper samples from 5ND 144 
Fig. 81 Diagram of measured gloss values on paper samples from 7ND 144 
Fig. 82 Diagram of measured gloss values on paper samples from 2ND 145 
Fig. 83 Diagram of measured gloss values on paper samples from 3ND 145 





Fig. 85 Diagram of measured gloss values on paper samples from 6ND 146 
Fig. 86 Photograph of watermark from book 5ND;  154 
Fig. 87. photograph of a watermark from literature 154 
Fig. 88 Coat of arms of Upper Carinthia 1246 154 
Fig. 89 Diagram of paper thicknesses on the papers from VC  163 
Fig. 90 Diagram of paper thicknesses on the paper thicknesses on HP samples sorted by 
dating 
163 
Fig 91 Diagram of surface pH on the papers from VC  163 
Fig. 92 Diagram of surface pH on the paper surface pH on HP samples sorted by dating 163 
Figs. 93 Diagram of brightness on the papers from VC  164 
Fig. 94 Diagram of brightness on HP samples sorted by dating 164 
Figs. 95 Diagram of yellowness on the papers from VC  164 
Figs. 96 Diagram of yellowness on HP samples sorted by dating 164 
Fig. 97 Diagram of opacity on the papers from VC  165 
Fig. 98 Diagram of opacity on HP samples sorted by dating 165 
Fig. 99 Diagram of gloss on the papers from VC 165 
Fig. 100 Diagram of gloss on HP samples sorted by dating 165 
Fig. 101 Overview the layout of a table entitled Paper Sheet Data   186 
Fig. 102 Overview of Queries of opacity 187 
Fig. 103 Overview of Queries of opacity, window with enter parameter value 187 
Fig. 104 Overview of the layout of the Valper database form with general data about paper 188 
Fig. 105 Overview of the layout of the Valper database form with optical properties of paper 189 





Tab.1 Data on drawings with references to the text 63 





Tab. 3 The summary of analytical results 63 
Tab. 4 Chemical definitions of terms used 64 
Tab. 5 Watermark and the laid and chain lines 64 
Tab. 6 List of paper samples on which destructive analyses were performed 82 
Tab. 7 Selected material and sheets from seven books arranged chronologically according to 
their origin 
83 
Tab. 8 Photographs of samples in impact and transmitted light, schematics of the mold and 
watermark imprint 
84 
Tab. 9 Thickness on paper samples 1D - 10D 87 
Tab. 10 Range of measured brightness values on paper samples 89 
Tab. 11 Range of measured yellowness values on paper samples 90 
Tab. 12 Range of measured opacity values on paper samples 90 
Tab. 13 Measured gloss values on paper samples 1D - 10D 91 
Tab. 14 Range of measured gloss values on paper samples 91 
Tab. 15 Tests for Proving the Presence of Starch and Lignin on the Samples 93 
Tab. 16 Results of SEM-EDS recording and analysis 96 
Tab. 17 Results of XRF analysis 101 
Tab. 18 Wavenumbers and absorption for all samples from 1D to 10D for sizing and fillers 
materials in papers 
111 
Tab. 19 Range of Defined Fiber Width Types 112 
Tab. 20 Colors of specific fibers 112 
Tab. 21 Abbreviations for fiber types by color and thickness 113 
Tab. 22 Micro-photographs of the paper surface taken with a Dino Lite digital microscope at 
50x, 200x, 500x magnifications 
113 
Tab. 23 Longitudinal appearance of paper fibers under an optical microscope, blue fiber, 
Herzberg stain test, Phloroglucinol lignin test 
116 
Tab. 24 Comparison of reference fiber samples with tested samples 118 
Tab. 25 Samples of reference fibers treated with the Herzberg stain spot test 118 





Tab. 27 Representation of characteristic fibers in the examined papers 127 
Tab. 28 Measured paper sheet thickness range (mm) per book 128 
Tab. 29 Thickness 2ND 129 
Tab. 30 Thickness 3ND 129 
Tab. 31 Thickness 6ND 129 
Tab. 32 Thickness 4ND 129 
Tab. 33 Range of measured pH values on sheets in the Valvasor collection, by books 130 
Tab. 34 Range of of standard deviations in pH measurements on sheets in the Valvasor 
collection, by books 
133 
Tab. 35 Range of measured brightness values on sheets in the Valvasor collection, by books 137 
Tab. 36 The range of standard deviations in for measuring the brightness of sheets in the 
Valvasor collection by books 
137 
Tab. 37 Range of measured yellowness values on sheets in the Valvasor collection, by books 138 
Tab. 38 The range of standard deviations in for measuring the yellowness of sheets in the 
Valvasor collection by books 
140 
Tab. 39 Range of measured opacity values on sheets in the Valvasor collection, by books 140 
Tab. 40 The range of standard deviations in for measuring the opacity of sheets in the 
Valvasor collection by books 
142 
Tab. 41 Range of of measured gloss values on paper samples by the books 143 
Tab. 42 The range of standard deviations in measuring the gloss of sheets in the Valvasor 
collection by books 
147 
Tab. 43 Results of destructive analysis on paper fragments: thickness, pH, brightness, 
yellowness, opacity, gloss 85°, water absorption, lignin content, starch content, SEM-EDS, 
XRF, type of fibers 
149 
Tab. 44 Comparative data on watermarks and paper mold lines 152 
Tab. 45 Formats and dimensions of paper sheets and the position of the watermark in 
relation to the format 
155 
Tab. 46 Summary of the results of non-destructive analyses of Valvasor papers 160 
Tab. 47 Analysis of the Purpose, Specificity, and Emphasis of the Researched Databases 166 
Tab. 48 Analysis of the Representation of the Amount of Data in Databases, Search 






Tab. 49 Analysis of Data on Quantity, Frequency and Prevailing Paper Data in the Researched 
Databases 
168 
Tab. 50 Bibliographic data sheet of paper 174 
Tab. 51 Properties of paper 175 
Tab. 52 Watermark data 176 
  
Schemes  
Scheme no. 1 Schematic representation of the relationship of the paper sheet data, its basic 
features and the interrelationship of paper dana 
172 
Scheme no. 2 Data divided in groups and types 173 











  page 
 ACKNOWLEDGMENTS vi 
 ABSTRACT / IZVLEČEK vii 
 FIGURES x 
 TABLES xiv 
 SCHEME xvii 
1. INTRODUCTION 1 
2. THEORETICAL SECTION 4 
 2.1. Valvasor’s Biography 4 
 2.2. The Metropolitan Library and its History 11 
 2.3. The Valvasor Library as a Valuable Asset to the Metropolitan Library 12 
     2.3.1. Private Libraries and their Openness to the Public   13 
     2.3.2. Valvasor's Print Collection  14 
 2.4. The History of the Paper, the Process of its Making and the Historical  
        Development of Watermarks up to Valvasor's Time, the End of the 17th 
        Century 
 
18 
     2.4.1. The Process of Papermaking in the 17th Century 22 
     2.4.2. Paper additives throughout history 25 
 2.5. On the history of watermarks 28 
 2.6. Research Overview 33 
 2.7. Research and Analysis of Paper Databases and Print Collections 44 
     2.7.1. Seven Exhibition Catalogs of Prints from Valvasor's Print Collection;  
               Department of Prints and Drawings at the Croatian Academy of Sciences  
               and Arts 
 
45 
     2.7.2. Online Databases of Six Major World Museums 51 
         2.7.2.1. British Museum, London 52 
         2.7.2.2. Metropolitan Museum, New York 53 
         2.7.2.3. Albertina, Vienna 54 
         2.7.2.4. Department of Prints, Berlin 56 





         2.7.2.6. Louvre, Paris    58 
     2.7.3. The Publication: Italian Renaissance Drawings Technical Examination and  
               Analysis, The British Museum, 20102.7.2.6. Louvre, Paris 
60 
     2.7.4. EVTEK’s Paper Identification Database 65 
     2.7.5 Bernstein – Memory of the Paper 68 
     2.7.6. IPH International Standard for Registering Paper with and without  
               Watermarks - Version 2.1. 1(2013) 
71 
3. EXPERIMENTAL SECTION 75 
 3.1 Description of Measurements by Destructive and Non-Destructive Analyses 76 
     3.1.1. Materials for Destructive Analysis 82 
     3.1.2. Materials for Non-Destructive Analysis 83 
 3.2 Results of Analyses and Research on Paper Samples by Destructive Methods  84 
     3.2.1. Photographs of Paper Samples in Impact and Transmitted Light, Watermark 84 
     3.2.2. General and Chemical Properties of Paper Sheets 86 
         3.2.2.1. Thickness 87 
         3.2.2.2. pH 87 
     3.2.3. Optical Properties  88 
         3.2.3.1. Brightness 88 
         3.2.3.2. Yellowness 89 
         3.2.3.3. Opacity 90 
         3.2.3.4. Gloss 91 
     3.2.4. Spot Tests  91 
         3.2.4.1. Paper Sheet Absorption Test 91 
         3.2.4.2. Spot Tests for Proving the Presence of Starch and Lignin on Paper  
                      Samples 
93 
     3.2.5. SEM-EDS 95 
     3.2.6. XRF 100 
     3.2.7. FTIR 106 
     3.2.8. Microscopic Analyses  112 
         3.2.8.1. Analysis of Paper Surface Appearance with a Digital Microscope 112 





 3.3 Analyses and Research on the Paper of Valvasor's Collection by  
      Non-Destructive Methods  
120 
     3.3.1. Photographing and Measuring the Dimensions of Paper Sheets 120 
     3.3.2. Photographing Sheets in Transmitted Light, Measuring Dimensions and  
               Identifying Watermarks According to IPH Standards 
122 
     3.3.3. Analysis of Paper Surface by Digital Microscope 125 
     3.3.4. General and Chemical Properties of Paper Sheets in the Valvasor  
               Collection 
127 
         3.3.4.1. Thickness 127 
         3.3.4.2. pH 130 
     3.3.5. Optical Paper Properties   134 
         3.3.5.1. Brightness 134 
         3.3.5.2. Yellowness 137 
         3.3.5.3. Opacity 140 
         3.3.5.4. Gloss 143 
 3.4. Results and Discussion of Destructive and Non-Destructive Analyses and  
        Research 
147 
     3.4.1. Results and Discussion of Destructive Analyses 147 
     3.4.2. Results and Discussion of Non-Destructive Analyses 152 
     3.4.3. Comparison of the results of non-destructive and destructive analyses  
               and the discussion 
160 
4. DATABASE PROCESSING, ANALYSIS AND INTERPRETATION  166 
 4.1. Database analyses 166 
     4.1.1. The Data in the Database and their Relationships 169 
     4.1.2. The Proposal of a Model for Documenting Paper Data from the Valvasor  
               Collection 
173 
     4.1.3. Model of data Processing for the Database 178 
     4.1.4. Data Collection process 179 
     4.1.5. EXAMPLE sheet of paper from book Topographia Archiducatus Carinthiae  
               modernae. Johann Weichard Valvasor; Wagensberg in Krain; 1681.g.;  







 4.2. VALPER Database (Valvasor Paper) 186 
5. CONCLUSION 190 
     5.1. Hypotheses 191 
6. POVZETEK 194 










1. INTRODUCTION  
In this dissertation, research on historical paper was conducted by non-destructive and destructive 
methods. Non-destructive analyses were performed on 144 paper sheets bound in notebooks and 
books from Valvasor's collection from the 17th century. Destructive analyses performed on 10 paper 
fragments, which were produced in the period from the 16th to the 19th centuries and are not part of 
Valvasor's collection. A study of Valvasor's biography and the history of his collection was made.  
The results of analyses and research were used to create a database model. The database systematizes 
bibliographic data, data on the geographical and historical origin of paper, and data on general, 
chemical, and optical properties of paper.  
The aim of this thesis is to describe and characterize historical papers from the 17th century from 
Valvasor's collection. The aim was to find out as much information as possible about the composition 
and properties of paper by comparing non-destructive and destructive analyses. From the obtained 
results of the analyses, the interdependencies and influences of the composition and properties of the 
paper were found.  
The reason for the characterization of the historical paper, in this case the paper from Valvasor's 
collection, is to identify the composition of the paper for the purpose of the elaborated methods of 
the conservation-restoration procedure. Knowledge of the properties of paper makes it possible to 
predict the changes that could occur in the paper during the conservation-restoration process.  
Research on the papers of Valvasor's collection began with the study of Valvasor's biography, his 
interests, and way of life. The content range of his library and print collection speaks to his passion for 
research work and patriotism. He expressed his patriotism in a series of topographies of Slovenia and, 
above all, the significant work the Glory of the Duchy of Carniola, to which he dedicated most of his 
life. Valvasor's print collection of 17 volumes, which he carefully collected, and which have been 
preserved in their original form for four centuries, shows his passion for collecting. It reflects all his 
interests - from artistic, geographical, political ones to other topics.  
All this data can explain why, how, and where Valvasor bought books and print sheets, which 
contributes to additional knowledge about the provenance of paper and more precise dating. His 
library and print collection are today a valuable example of original 17th-century European bindings 
and paper. It is rare to find such a compact example of a collection of a time in which it is possible to 
see the papers of the 17th century in one place. Most of the books are from the German-speaking area 
and are printed in German. It is also valuable information that speaks of the amount of Valvasor's 
association with these areas, from which he procured papers for his publications, library and collection, 
and what, then, could be the link with the paper producers of these areas.  
The historical overview of the technological achievements of paper production in the 17th century 
indicates the data on the composition of the paper and the process of making handmade paper. It also 
indicates which components were used to improve paper quality, and which components were used 
for which paper types. The collected historical and technological information, as well as the data on 
Valvasor's biography, contributed to the creation of the basis on which further research was built and 





Non-destructiveness in its work on objects of cultural and historical importance as the main principle 
is dictated by the conservation and restoration profession. Valavasor's library and collection are of 
cultural and historical significance, and such an approach to research is necessary. Once the basis was 
established, initial questions arose: 
• How to research the papers of Valvasor's collection while respecting the principle of non-
destructiveness? 
 
• Is non-destructive research sufficient to characterize 17th century paper? 
 
• How to process and document the obtained results and researched data which can later be 
used to characterize the paper of the 17th century? 
 
• How to design documentation that can be filled in, supplemented, upgraded and designed to 
be simple and clear to use?  
 
• Can a database as a documentation tool help characterize 17th century paper? 
 
• Can such a documentation tool link different types of data from technical to bibliographic 
which are important for identifying the properties and origins of paper? 
 
Non-destructive analyses and research that complied with the prescribed measurement standards and 
did not require sampling were selected. The procedure is designed in such a way that the measuring 
instruments and devices are brought to the object and that they do not cause any micro-damage 
during the measurement. Visual and photographic research methods are methods from which valuable 
information about the appearance, color, sometimes dating, and history of an object can be obtained. 
By measuring the dimensions of the object, the watermark, the paper mold imprint, the main features 
of the paper are obtained. Non-destructive analyses also include analyses of optical properties, the 
results of which may suggest the composition and components in paper.  
The obtained results of non-destructive analyses and research had to be supplemented by destructive 
research in order to be able to study the composition of materials and components in paper. Paper 
fragments from a similar period were found that could be comparable to Valvasor's papers. Elemental 
and microscopic analyses, as well as spot tests that identified components in the paper, proved to be 
a good combination to complement the research.  
An application was found that provided the possibility of processing and organizing the obtained 
results and collected information for individual papers. The data are sorted by type for each sheet of 
paper. A database based on tables is an ideal tool for documenting such data. Database programs have 
the ability to create applications according to the needs of researchers and users. Such tools provide 
the ability to enter and statistically process measurement results. It is the combination of historical 
and technological data with the possibility of entering photographic and other material into the 
database that provides the possibility to combine and compare data. Such a relationship and 
possibilities in creating a database formed the basis for characterization. 
According to the questions asked and the original ideas, hypotheses were set that were supposed to 





First hypothesis: Valvasor's collection of the Zagreb Archdiocese includes a sufficient amount of 
different and diverse papers for the creation of a 17th century paper database. Although the research 
was based on one period of production of handmade paper, it was precisely the handmade production 
that offered diversity in paper.  
Second hypothesis: The database organizes the key identification technical characteristics of individual 
paper sheets from the aforementioned collection. The database organizes all the data, including the 
technical data of the individual sheets that characterize it. 
Third hypothesis: The database serves to identify the properties as well as the historical and 
geographical origin of the paper sheets. Once entered, the data is organized by type and, again, 
together into a whole. The data can be compared, and points of contact are found to identify 
properties and origins.  
The research topic of this dissertation has significant theoretical and practical value in the conservation 
and restoration profession. The theoretical value of the research is manifested in the fact that it is 
evident that such a unique and valuable collection is sufficient to characterize the paper of the time in 
which it was created and in which it had a significance regarding both its content and material. In 
addition to the content and material, the geographical significance is also evident because the papers 
originate from different parts of Europe, which can further help us with the characterization of 17th 
century paper.  
When research provides data on the composition of the material, its reactions in the conservation-
restoration procedure can be predicted, which enables the elaboration of working methods and 
planning of the procedure. In addition, the comparison of measurement and recording results 
according to prescribed standards can be measurable and comparable with other historical papers that 
followed the same method of research.  
Valvasor carefully preserved his library and collection, and, thanks to the Metropolitan Library, which 
has been preserved to this day, it is up to us to pass it on to the next generations, in the same preserved 
and researched state. In addition, we submit documentation on paper research to the database and 







2. THEORETICAL SECTION 
2.1. Valvasor’s Biography 
Baron Ivan Waikhard Valvasor (1641-1693), with whom Paul Ritter Vitezović stayed, as guest, in 1676, 
may be counted among the wisest and most dedicated men born in the Duchy of Carniola1. Thus, wrote 
Vjekoslav Klaić in 1914 in his book Život i djela Pavla Rittera Vitezovića (The Life and Works of Paul 
Ritter Vitezović), citing the words of Valvasor's first biographer, Peter Radics2, who was, in turn, among 
the first to see the importance of the character and work of Johan Waikhard Valvasor. Valvasor's role 
in Slovenian history and art is indicated by France Stelé in the journal Glasnik muzejskega društva za 
Slovenijo3 in its first issue in 1928. These were the first steps in discovering the legacy of this famous 
17th-century intellectual and polymath. The comprehensive biography written by the historian Branko 
Reisp in 1983 was entitled Kranjski polihistor Janez Vajkard Valvasor, which abounds in a wealth of 
archival data and provides a detailed insight into the life and work of this great man.  
Today, following in these first steps, professional conferences dedicated to Valovasor, his origins, his 
writing, graphic, print, artistic, librarian and collector's work are organized. Given the scope of his 
activities, the various fields of his interest still produce new topics for scientific and professional 
papers. He was a man of great enthusiasm and wide interest, and most impressively, devoted most of 
his life to his lifework, the Glory of the Duchy of Carniola (Nuremberg, 1689), which caused him great 
financial problems.  
Johan Waikhard Valvasor, Janez Vajkard Valvasor or Ivan Waikhard Valvasor was born in Ljubljana in 
1641 (the date of his baptism in the church of St. Nicholas in Ljubljana was on May 28, 1641) in a noble 
family whose name comes from the city of Bergamo, in northern Italy. He was the twelfth of seventeen 
children in the second marriage of his father, Jernej Valvasor, and mother, Marija Elizabeta (b. Rauber). 
His father4 owned the estates of Gamberk and Media in Izlake near Zagorje ob Savi, where young 
Valvasor spent his childhood together with his sixteen siblings.  
He finished high school with the Jesuits in Ljubljana. He did not seek further education at the university 
but, according to the customs of the nobility at the time, supplemented his knowledge and gained 
experience by traveling abroad (Germany, North Africa, France, Switzerland) and joining military 
service, so, in 1663 and 1664, he participated in the wars against Turks. He traveled through Germany, 
England, Denmark, France, Spain, Italy, and Africa, where he spent 14 years. In France, he advanced 
his military knowledge, served for some time under the King of France, and, in Switzerland, he served 
in the infantry regiment. He thus shaped himself into a cosmopolitan-oriented 17th-century gentleman 
with rich life experience, determined opinions and decisions, knowledge, and enlightened judgments 
that, given the circumstances and culture of the time, amazed the people around him and his 
contemporaries. His intellectual capacity continues to surprise us even today. 
 
1 KLAIĆ, V. Život i djelo Pavla Rittera Vitezovića, 1652-1713. Zagreb : Matica hrvatska, 1914, pp.19. 
2 RADICS, P. Johann Weikhard Freiherr von Valvasor (geb. 1641, gest. 1693). Laibach : Verlag der Krainischen 
Sparkasse, 1910. 
3 STELE, F. Valvasorjev krog in njegovo grafično delo. Glasnik muzejskega društva za Slovenijo, 1928, Letnik I,  Zv. 
4-1, pp. 20-27. 
4 At the beginning of 1630, his father was the principal recipient of the provincial provinces of Carniola and a 
provincial advisor, for a time. From the biography Kranjski polihistor Janez Vajkard Valvasor by Branko REISP, 





When he returned to his homeland in 1672, he bought the Bogenšperk Castle (Fig. 1), Črni potok, and 
the already demolished city of Lichtenberg, as well as a house in Ljubljana5. That same year (July 10, 
1672) he married Ana Rosin pl. Graffenweger, and after her death, Anna Maximil, baroness Zetschker 











Fig. 1 The Town of Bogenšperk from the book 
Topographia Ducatus Carnioliae modernae, 
16796 
 
His interests were very broad and varied, but he was particularly interested in nature, and especially 
its rarities. He reiterated that he was not sorry for the time or effort spent to see or experience 
something out of the ordinary. He pursued mathematics and physics, proven by the books in his library, 
as well as by a collection of mathematical instruments (which were later used in cartography and 
topography).  
His artistic expression and print collection testify to his interest in art. As a child of his time, he was 
also interested in alchemy, magic, and similar modern "sciences." Curiosity, an eagerness to explore, 
a versatile scientific interest, common sense, determination, and a great love for his homeland, were 
Valvasor's typical personal characteristics. From the knowledge he gained abroad and the fact that 
foreigners knew nothing about his homeland, the idea to present Carniola with words and images was 
born. After his return in 1672, he devoted all his time to research and study in various fields, most 
notably those of his homeland, Carniola7. In order to realize his plans of presenting his homeland, he 
assembled a rich library of several thousand volumes8, a print collection comprising 8,000 sheets (in 
1685, he organized and thematically bound them in 18 volumes9). He already bought a part of this 
collection while he was abroad, and another part from Juri Wubitsch (Bobič), a painter from Most pri 
Kamniku. The collection was of great value to Carniola. In addition to his print collection, Valvasor 
 
5 After marriage, Valvasor had only half the financial means to buy the aforementioned properties and, as for the 
rest, he took out a loan (of which Branko Reisp writes in detail in Valvasor's biography Kranjski polihistor Janez 
Vajkard Valvasor; Ljubljana: Mladinska knjiga, 1983) believing that he would be able to repay the debt by farming 
on the properties he purchased.   
6 VALVASOR, J. V. Topographia Ducatus Carnioliae modernae das ist Controfee aller Stätt, Märck ht, Clöster vndt 
Schlösser, wie sie anietzo stehen in dem Hertzogthumb Crain. Heervorgebracht zu Wagensperg in Crain im Jahr 
1679. Mit sonderbahrem Fleiß durch Johann Weichart Valvasor, plate 285, pp. 286. 
7 Carniola - a historical province in Slovenia, which included 3 natural units: Gorenjsko, Dolenjsko and Notrinsko 
with its center being in the Ljubljana basin. In the 15th century, an official government was formed, the socalled 
Carniolan estates who, with minor interruptions during the reign of the French, ruled until 1849.   
8 The library was well stocked with historical, travel, geographical, cartographic, and mathematical works. To 
date, much of that library has been preserved and is housed in the Metropolitan Library of the Archdiocese of 
Zagreb.  





collected various instruments, old money, other antiques and rarities, and thus created a kind of 
museum in Bogenšperk, typical of the collectors of the time. As a model for representing his homeland, 
he used one he encountered in Germany, especially from Matthäus Merian10,11 who was his direct 
initiator and role model.  
On April 12, 1678, he founded his own print company in Bogšperk, the first of its kind in Slovenia, 
where he brought drawers and chalcographers together. They were local, German, and Dutch 
printmakers who worked in the castle until the end of the publication of the book The Glory of the 
Duchy of Carniola. At first, it seemed like the company would have the character of a print publishing 
company with a certain publishing program, but since Valvasor did not only produce topographic 
images, but also works of art, the business expanded. He also had other activities planned, such as 
cartography, history, and natural science. Due to his great desire to create a large geographical map of 
Slovenia, he drew many cities, monasteries, and castles. Major contributors to this work were: the 
chalcographer Andrej Trost, drawer Janez Koch from Novo Mesto, Croatian poet and scientist Pavao 
Ritter-Vitezović, Matija Greischer12, Peter Mungerstorff13, local Jernej Rambschissl14 and Johannes 
Wiriex (Wierix, Werex)15. Appearing sporadically in Valvasor's works were Alexander Boener, Johann 
Azelt (Atzelt) and Fl. Schnabell. Over the 11 years of publishing, Valvasor wrote and published 6 
topographic and historically topographic works as well as 3 books equipped with artistic copper 
engravings.  
 
10 Matthäus Merian (September 22,1593 - June 19, 1650), was a Swiss painter working in Frankfurt, where he 
managed a publishing house. He made detailed plans of cities in his unique style, for example, the plan of Basel 
(1615) and Paris (1615). Together with Martin Zeiler (1589-1661), a German geographer, and later (circa 1640), 
with his own son, Matthäus Merian the Younger (1621-1687), he published a series of topographies, a group of 
21 volumes known as the Topographia Germaniae, which includes numerous town plans and views. He 
published maps of most countries, including the World Map. It was such a popular work that it was published in 
many re-issues. He also took over and completed later parts and editions of Grand Voyages and Petit Voyages, 
which were begun by de Bry in 1590. The German travel journal Merian is named after him. He is also noted for 
the finesse of his alchemical illustrations in books such as the Musaeum Hermeticum (1678) and Atalanta 
Fugiens (1618). Matthäus Merian. In Enciklopedija opća i nacionalna u 20 knjiga, XII. Knjiga Ma-Mi. Pro Leksis 
d.o.o. Zagreb : Večernji list d.d., 2007, pp. 230. 
11 In the short preface to book XI of "The Glory of the Duchy of Carniola", Valvasor writes about the reason why 
he decided to do his work and that it was Matthäus Merian who induced him to do it: „Najbolj pa me gnalo, da 
bi ustregel upravičeni želji Matevža Meriana, ki je v svoji Topografiji avstrijskih dežela ali popisu avstrijski vladarski 
hiži podložnih dežela na III.listu zkliknil:“Slavna vojvodina Kranjska potrebuje moža, a ta pomoć in potpore, da bi 
sestavil kroniko ali vsaj opister s to plemenito deželo, ki ne liži v kakem majhnem kotu, kakor si to predstavljajo 
nekateri tujci, bolje seznanil inozemce tudi tuzemce, zakaj celo mnogi Kranjci vedo malo povedati popotniku o 
svoji deželi“.; the Slovenian translation from the biography Kranjski polihistor Janez Vajkard Valvasor by Branko 
Reisp, Mladinska knjiga, Ljubljana, 1983, pp. 109 
12 Greyscher, Matija (Mathias) (Ljubljana, ? – Budapest, 1689), a Slovenian chalcographer. Used the initials M. G. 
HAJDAROVIĆ, M.M. Valvasor, Vitezović and the Glory of the Duchy of Carniola. Studia lexicographica, 2011, Vol. 
5, pp. 149–176. 
13 Müngersdorff, Peter, active in the second half of the 17th century a Slovenian chalcographer, used the 
signatures: P. Mungerstorff, M. P. and P. Mun. HAJDAROVIĆ, M.M. Valvasor, Vitezović and the Glory of the Duchy 
of Carniola. Studia lexicographica, 2011, Vol. 5, pp. 149–176.. 
14 Rambschissl, Bartl Jernej, active in the second half of the 17th century a Slovenian painter. He drew the crests 
for book 9 of the Glory of the Duchy of Carniola. HAJDAROVIĆ, M.M. Valvasor, Vitezović and the Glory of the 
Duchy of Carniola. Studia lexicographica, 2011, Vol. 5, pp. 149–176. 
15 Wiriex (Wierix, Werex), Johannes (Ivan), active between 1600 and 1625, flemish painter, probably made 
templates for copper engravings. HAJDAROVIĆ, M.M. Valvasor, Vitezović and the Glory of the Duchy of Carniola. 





1) Dominicae passionis icones, 1679 (first print) 
2) Topographia Ducatus Carnioliae modernae, 1679, is an album featuring 319 copper engravings  
3) Topographia arcium Lambergianarum, 1679 
4) Ovidii Metamorphoseos icones, 1680, Valvasor’s artistic issue Scenes from Ovid's Metamorphoses 
are illustrated in 96 copper engravings.  
5) Topographia Archiducatus Carinthiae modernae, 1681, is an album containing the title copper 
engraving and 223 copper engravings  
6) Topographia Carinthiae Salisburgensis, 1681, is from the Topography of Carinthia, with a custom 
selection of 26 copper engravings 
7) Theatrum mortis humanae tripartitum, 1682, is Valvasor’s final artistic issue in 3 parts 
Andreas (Andrej) Trost (Deggendorf, Germany, – Graz, June, 8 1708), was an Austrian printmaker and 
cartographer16. From 1670-1688 he was Valvasor's right-hand in his print workshop and the only one 
participating in all of Valvasor's publications. He made paintings of the regions and towns of Carniola 
and Carinthia according to Valvasor's drawings, and historical and other paintings according to the 
templates of Janez Koch. He incised most of the attachments and maps into the copper plates for the 
book The Glory of the Duchy of Carniola. He did great work for Valvasor; he was a technically skilled 
engraver, and Valvasor appreciated him for his skill and enthusiasm, which is why he kept him in his 
service until the very end.  
Koch, Janez (Johann) (Novo Mesto, 1650 – Novo Mesto, 1715), Slovenian painter and drawer17. He 
began working for Valvasor in 1681 and remained his loyal associate to the end. For Valvasor, Koch 
painted almost all the paintings of various, mostly historical, scenes and events for almost all the books 
of the Glory of the Duchy of Carniola.  
Paul Ritter Vitezović18 (Senj, 1652 – Vienna, 1703), a historian, lexicographer, poet, and writer, was the 
most important person from Valvasor's circle. In addition to being a printmaker in Valvasor's work for 
the Glory of the Duchy of Carniola, he also participated as a poet. In addition to working together, the 
two had a genuine and lasting friendship because of their shared interest in literature and science. 
They meet in 1676 and, for the next two years, Vitezović stayed in Bogenšperk, where he studied at 
the Valvasor Library, learned the copper engraving craft, and wrote poems in Latin. There are many 
traces of their collaboration in Valvasor's works. Thus, in the topography of the modern Duchy of 
Carniola (1679), of 316 copper plates, 54 persons with the letter R (Ritter) were identified. At the 
beginning of this album there is Ritter's poem in Latin. In the Glory of the Duchy of Carniola (VI, 363), 
Ritter's congratulatory card was published in Latin on the occasion of Valvasor's remarriage. In 1681, 
Ritter publishes his first work in Ljubljana, which was of a historical nature, thus beginning his political 
activity.  
 
16 He used the signatures: A. Trost. f:, AT:f:, An: Trost: f:, T., Andeas Trost feulpsit, Trost. f, Andeas, Trost sculpsit. 
17 He used the signatures: I. Koch.d:, Io: Koch.del. He made 74 templates for copper engravings in the Glory of 
the Duchy of Carniola. 
18 He used the signatures: Paulus Ritter sculpsit, P. Ritter sculpsit, P. Ritter sculp., P. R. sculpsit, P. R. sculp, Paul 





One of the most important pieces of information on the connection between these two intellectuals 
is that Paul Ritter Vitezović certainly mediated with the then bishop of Zagreb, Alexander Ignacije 
Mikulić (Brokunovec, circa 1650 - Zagreb, May 10, 1694) to buy Valvasor's library and print collection 
to help a friend who fell into financial debt because of his life's project.  
Valvasor, traveling through his homeland on horseback, with a gun on his saddle, followed by a clerk 
with measuring instruments, and accompanied by his loyal friend - a dog (as shown in one print 
template from the Glory of the Duchy of Carniola no. 26) was engaged in research of various kinds. 
Curiosity and innovation were constantly bubbling in Valvasor. In addition to the great work involved 
in the preparation of his capital work, Valvasor, due to his curious nature, was also engaged in technical 
innovations. So, he made a plan for the tunnel below Ljubelj on the Carniola-Carinthian state border19. 
The only source for the template's existence is his statement in the Glory of the Duchy of Carniola. He 
was also partly engaged in the technique of casting metal objects or thin statues of metal. The 
demanding procedure was technically explained and published alongside a sketch in the journal 
Philosohical Transcations, London 1687, Nr.186 and the first scientific journal in Germany, Acta 
Eroditorum, Leipzig 1692. In the book, he also describes the natural sights of Carniola, olms20, 
recounted for him by the locals, but he wanted to see it for himself.  
Another of his researches, which earned him his 1687 membership to the prestigious Royal Society of 
London, was the study of the drying phenomenon of Lake Cerknica (Fig. 2), which he describes in detail 











Fig. 2 Valvasor's account of the activities of Lake 
Cerknica in the book Die Ehre des Hertzogthums 
Crain, 168922 
 
In 1685, the work on the Glory of the Duchy of Carniola had already progressed so much that he 
traveled to Nuremberg to negotiate with printers, where he hired the editor and proofreader Erasmus 
Francisci (a native of Lübeck), a popular German writer and polymath. The Franciscan, whose real name 
was Erasmus Finx, not only controlled the printing of the Glory of the Duchy of Carniola, but also edited 
the Valvasor's language and adapted it to the contemporary writing style. As Valvasor did not feel 
 
19 Valvasor was aware of the importance of this transportation connection of Carniola with other northern 
countries, which was interrupted in winter due to the abundance of snow. This is precisely why he probably 
drafted the tunnel construction. The fact that today's tunnel was only opened in 1964 shows how far ahead of 
his time he was. 
20 It is the first record of that rare animal. 
21 The representation of Lake Cerknica is shown in the Glory of the Duchy of Carniola under number 446. 





strong enough in older history, he left it to Francesco to supplement it on his own23. Both of them 
drafted the contents of the book in Nuremberg. In 1687, the Glory of the Duchy of Carniola was in the 
process of being published - but before that, Valvasor had published another book. Both books were 
printed by the famed Nuremberg printer and bookbinder, Wolfgang Moritz Endter. 
8) Topographia Archiducatus Carinthiae antiquae et modernae completa, 1688 
9) Die Ehre des Hertzogthums Crain 1689 (the Glory of the Duchy of Carniola), the most important and 
greatest of Valvasor's works, the peak and at the same time the end of his scientific endeavor. It was 
written in German and divided into 15 books in a quarto format, bound in 4 volumes, with 3532 pages, 
24 appendices, and 528 illustrations. 
The Glory of the Duchy of Carniola was Valvasor’s final work. He left one work of art and two scientific 
works in the manuscript. Due to his economic collapse, after the release of the Glory of the Duchy of 
Carniola, these manuscripts were not preserved, not even in the records of his legacy.  
Valvasor had to bear the costs of the very extensive collecting, scientific and publishing activities for 
which he received modest support from the Carniolan estates24. The obligations arising from the 
outstanding loan for the Bogenšperk, Lichterberg and Črni potok estates, after the issue of the Glory 
of the Duchy of Carniola, exceeded his financial means, which propelled him to start selling everything 
in 1689. He had to sell the library and the print collection, which he first offered to the Carniolan estates 
for the purposes of designing a public library. The negotiations were too long and Valvasor gave up. 
Thus, both were, most probably with the mediation of Paul Ritter Vitezović, bought by the Bishop of 
Zagreb, Aleksandar Ignacije Mikulić, in 1690. The books and the print collection are listed in the 
Metropolitan Library Fund. He kept a small number of books for himself. In 1692, he sold Bogenšperk 
and the house in Ljubljana. In February 1693, he bought a house in Krško from the remainder of the 
money, and in September of the same year, died at the age of 53.  
It is difficult to describe Valvasor in only a few words. He was a man of great energy, curiosity, 
knowledge, broad perspectives, and interests. He was a great patriot who invested everything to make 
his dream of presenting his country to Europe in every way come true. Through his many travels, he 
gained the knowledge and experience that he later turned into books, which are still being read and 
studied. Without him and his detailed descriptions of Slovenia (and, partly, Croatia), we would not 
have known what life was like in Slovenia in his time. He transferred his enthusiasm to others who 
would selflessly help him. Thus, in his description of Valvasor and Vitezović's relationship, Klaić speaks 
of their mutual respect and appreciation, where Vitezović helped Valvasor understand Croatian 
 
23 REISP, B. Kranjski polihistor Janez Vajkard Valvasor. Ljubljana : Mladinska knjiga, 1983, pp. 196. 
24 The Carniolan estates represented the apparatus of the land or state administration originating from the Land 
Assembly and representing an individual country, as opposed to the prince of the land. The beginnings of the 
Carniolan estates reach back to the 13th century, and they were institutionalized during the 15th century. They 
consisted of four estates: the high clergy, nobles, knights and, since the mid-15th century, the cities and market 
towns of the Carniolan estates. The scope of activity of the Carniolan estates encompassed all areas of public 
life. They announced taxes, recalled money, influenced land legislation (the land court orders, land orders and 
the like were their doing). The Carniolan estates reached their peak during the Reformation. After that period, 
they lost their influence in favor of the central administration. Their work was greatly diminished by Maria 
Theresa, and during the reign of Joseph II, the estates lost almost all their authority; JURIČIĆ –ČARGO, D. Arhivska 
građa za povijest Pazina i pazinske grofovije u upravnim fondovima arhiva republike Slovenije : 1492-1783... JI7A. 





regions and Latin, while Valvasor allowed him to study his rich library. Vitezović learned a variety of 
skills during his stay with Valvasor, especially cutting brass and scaling25. Trost and Koch, his loyal 
associates, remained working with him until the very end of the Bogenšperk printing house. Francisci 
and Endter assisted him with the publication of his Slave vojvodine Kranjeske (Glory of the Duchy of 
Carniola) in Nuremberg. By the end of his life, he also received official recognition, a membership in 
the prestigious Royal Society in London.  
His library and print collection stored in the Metropolitan Library of the Archdiocese of Zagreb speak 









2.2. The Metropolitan Library and its History26 
The Library of the Archdiocese of Zagreb and the Cathedral Chapter of Zagreb, Metropolitana or the 
Metropolitan Library, is the most important church library in Croatia. It could also be called the 
Cathedral Library, because it originated from books used and left to the Cathedral.  
The library began its life at the time when Zagreb became an episcopal city (1093-1094). It was not 
founded by decree or written decision, but simply grew. The exact date of the creation of the library 
cannot be determined, but the definite proof that the Metropolitan Library began its operation is the 
first preserved inventory of the Treasury of Zagreb Cathedral in 1394. Around 1425, during the reign 
of Bishop Alben (1421-1433), a new inventory was assembled. For the next 200 years, it was difficult 
to keep track of the library's activity, probably because of the turbulent events in the territory of 
Croatia due to the invasion of the Turks and the removal of books to safety. No following indication as 
to the existence of the library existed until 1640, when the Cathedral Chapter of Zagreb issued several 
important provisions regarding the cathedral library: 1 The books of the prelates and canons became 
the property of the cathedral after their deaths; 2 A library should be built; 3 The guard canon will have 
control of the books. 
It took 50 years since the conception of this idea to its fruition. Thus, the bishop of Zagreb, Aleksandar 
Ignacije Mikulić (1688-1694), built a library within the ramparts of the episcopal fort (whose building 
was located in front of the Zagreb Cathedral, between the two towers preserved today). The rooms 
for the library were completed in 1692, as recorded in the chronogram of Bishop Mikulić, and they 
were located in the outer wall of the building in front of the cathedral. Mikulić transferred books 
collected at the cathedral to the newly built premises. The books were not only transferred, but 
cleaned, newly bound and grouped, which meant that they were treated according to certain rules. 
Bishop Mikulić wanted to create the foundations for the library's ongoing work, and, for this reason, 
he founded a foundation from which the librarian probably received his salary.  
Great credit for the enrichment of the library's fund is given to Bishop Mikulić with the purchase of the 
extremely valuable Valasor library in 1690. According to Klaić, Bishop Mikulić purchased the Valvasor 
Library for 4000 forints. There are three theories regarding that purchase. The first, and most likely, 
one is that Bishop Mikulić purchased the library, the second states that Valvasor donated his library to 
Bishop Mikulić, and the third is that the library was purchased by Bishop Vrhovec's father27. In support 
of the claim that Mikulić bought the valuable Valvasor library is the fact is that, when printing his life's 
work, the Glory of the Duchy of Carniola, Valvasor got into great financial difficulties and had to sell his 
very rich library. Bishop Mikulić was a book lover, so it is understandable that he decided to buy this 
precious library. Namely, in the visitations published by Bishop Borković in 1687, the following is 
written: "Libri in domo Praepositurae sunt multi"28. This piece of information indicates that Mikulić had 
a large number of books before he became a bishop, and these books probably eventually became 
part of the Metropolitan Fund. 
 
26 MAGIĆ, V. Metropolitanska knjižnica – vodič. Zagreb : Hrvatski državni arhiv, 2012, pp. 7. 
27 Maksimilijan Vrhovac Rakitovečki (1752 – 1827) became bishop of Zagreb in 1787, and his bishopric lasted 40 
years, until 1827. 






From all of the above, it may be concluded that the Metropolitana began operation as a library in the 
true sense of the word precisely with Bishop Mikulić, although he cannot be considered a founder 
because there are records of the existence of the library from the 14th century.  
Building on these good grounds, the library was further developed by Bishop Stjepan Želiščević (1694-
1703). He, in agreement with the Cathedral Chapter of Zagreb, published the Constitutions of the 
Library. This act defines the rights and duties of Kaptol and the bishop managing the library. The 
Constitutions state that Kaptol, together with the bishops, takes care of, manages, and supervises the 
library. Canons can only read books in the library, and only the bishop may grant permission to take 
books out of the room. Only the librarian appointed by the bishop at the suggestion of Kaptol may hold 
the keys of the library.  
For the development of the library, Bishop Maximilian Vrhovac (episcopate from 1787-1827) is cited, 
who wanted to open the library to the public and thereby increase the foundation for its maintenance, 
but only Archbishop Haulik (episcopate from 1837-1869) succeeded in opening the library to the public 
in 1847.  
In 1880, Zagreb was hit by a major earthquake in which the entire city, including the cathedral with its 
library, were destroyed. All reconstruction efforts were aimed at the cathedral, while the library was 
almost forgotten. Since then, Kaptol could not pay the cost of constructing a new library building, at 
the government session on December 7, 1901, it was decided that the Metropolitan Library should be 
merged with the Royal University Library. The library was first temporarily located (until the 
completion of the construction of the new library in 1913 at 21 Marulić Square in Zagreb) in kurja No. 
28 and moved to the new building of the university library in 1916. Both migrations of the library were 
led by the canon Ljudevit Ivančan (Zagreb, August   2, 1853 - Zagreb, March 1, 1935), helped by canon 
Dragutin Peček, who became a librarian in 1907. At the time the library was housed in kurja No. 28, 
the canon Peček compiled an inventory and a catalog according to which the library was later moved 
to the then new building.  
 
2.3. The Valvasor Library as a Valuable Asset to the Metropolitan Library29 
Once again, it is worth reiterating the value of the Valvasor Library, which was carefully collected by 
its owner, whose fund houses books of a wide range of content. Today, this library is called 
Valvasoriana and contains 1530 volumes of books with 2630 titles and approximately 7300 prints. 
Unfortunately, it should be said that 114 volumes of that library disappeared in the robbery of the 
National and University Library in Zagreb in 1987.30 
Valvasor traveled extensively and met many people, so it is understandable that his library contains 
books from almost all European printing centers. The majority of books originate from the biggest 
printing centers: Frankfurt - over 200 titles, Amsterdam - over 100 titles, Augsburg approximately 140, 
 
29 Ibid as 29. 
30 RADOŠ, I. Feljton (9) : Velika pljačka Nacionalne i sveučilišne knjižnice zbog nebrige vlasti trajala je pet godina. 







Venice - 40 titles, Basel - approximately 35 titles, etc. The largest number of books are from German-
speaking areas and in German, printed in the Gothic script. There are also books from France, the 
Netherlands, Italy, the Czech Republic, Austria and other countries. Particularly noteworthy is one 
specimen for which it is not known how it reached the Valvasor Library, which is the Misal rvacki, 
printed in Rijeka in 1531.   
Since Valvasor was a person of high artistic education, we find a wide range of content in his library. 
Content-wise, his books could be divided into: 1 General Works, Bibliographies, Dictionaries 2 
Philosophy, Occult Sciences, Psychology, Magic 3 Theology, Church History, 4 Political works, 5 
Economy, 6 Law, 7 Pedagogy, 8 Art, 9 Philology, History of Letters, 10 Literature, 11 History and 
Historical Disciplines, 12 Geography and Travelogues, 13 Mathematics, 14 Natural sciences, Chemistry, 
Geology, 15 Medicine, Health, 16 Technology, Metallurgy, Architecture, 17 Technique, 18 Agriculture, 
19 Trade and Maritime Affairs, 20 Army, 21 Sports, Gymnastics and Games. According to the numerical 
analysis, the most numerous works are those regarding history, military topics, calendars, and 
travelogues.  
Illustrations give great value to Valvasor's book collection. It is well-known that book production 
experienced a boom in the 16th century, and, at the same time, cities and shops developed; it was a 
time of reformation, wars, and great discoveries. All these changes are reflected in the books of the 
time, so the book’s illustrations are linked to them. Particularly valuable specimens include the 
manuscript book of coats of arms.  
One of the curiosities of the Valvasor Library is that it has many volumes containing multiple works: 
these are attachments or multiple self-published publications bound in a single volume. Since it is 
known that books were sold unbound and that the owner of the book had it bound by a bookbinder, 
it was probably a matter of saving money.  
 
2.3.1. Private Libraries and their Openness to the Public   
In order to clarify Valvasor's motive for collecting books and owning a library, it is necessary to say a 
few words about the history of private libraries and the desire of their owners to make them public 
and accessible to everyone one day. The specificity of private collections depends on the interests of 
their owners, and they remain preserved today, such as the Valvasoriana within the Metropolitan 
Library of the Archdiocese of Zagreb, as a separate entity serving scholars and experts in the study of 
individual books or the interests of its owners.  
Information on private libraries, according to Milan Peljec, the author of Pismo, knjiga, slika: uvod u 
povijest informacijske kulture31 (Letter, Book, Image: An Introduction to the History of Information 
Culture), originates from the late Middle Ages and is mainly about prelates of a more intellectual 
 
31 prelate (middle lat. praelatus), is, in the Catholic Church, a dignitary who has his own jurisdiction. The higher 
prelates (praelati maiores) include the pope, archbishops and bishops, and the lower (praelati minores) generals 
and abbots of the Catholic ranks. The Pope can assign the title of prelate without jurisdiction (honorary prelates, 
house prelates, protonotaries, secret chamberlains). A senior cleric who exercises authority over an area 
independently of any bishop is called a praelatus nullius. Hrvatska enciklopedija, mrežno izdanje. Leksikografski 
zavod Miroslav Krleža, 2020. Prelat. In Leksikografski zavod Miroslav Krleža, 2020 [avaliable online]. Last modified 





nature, while we may learn about the private libraries of wealthy citizens in the late Middle Ages 
exclusively from preserved lists of their legacies. It is not uncommon for such private owners to leave 
their book collections to monasteries or chapters  
Humanism has brought about the boom of private libraries in Europe. Books were more readily 
accessible to more people, compared to earlier periods when books were only available to social elites, 
all because of the invention of the printing press and the development of printing, i.e. when 
handwritten manuscripts were supplanted.  
In the period of the Reformation, Enlightenment, and the beginnings of modern science, the demands 
for book and library users increased and the interest in book titles expanded. In his book, Knjižnice i 
društvo: od potrebe do mogućnosti, (Libraries and Society: From Stability to Opportunity), Stipanov32 
writes that the role of Enlightenment as a revolutionary movement that put the individual and his/her 
spiritual and intellectual needs in the first place, is precisely where Valvasor's Library can naturally be 
placed.  
It is during this period that Valvasor collected books for his private library, where titles from all of his 
fields of interest can be found. His awareness of the fact that the book serves everyone was already 
exemplified when he allowed Pavel Ritter Vitezović to use his library for learning and, finally, when he 
offered his library for sale to the Carniolan Estates to create a public library. Although the books were 
not purchased by the Carniolan Estates, but by the bishop of Zagreb, Mikulić, for the Metropolitan 
Library, it subsequently became a library open to the public and Valvasor's desire to make his library 
accessible to everyone came true. Many such private libraries are publicly available today, but this one 
is somewhat specific because of its wide range of titles and, as a secular library, it became one of the 
foundations for the church library.  
 
2.3.2. Valvasor’s Print Collection 
In addition to the library, Valvasor also owned a large collection of prints, (mostly copper engravings), 
which Bishop Mikulić purchased with the library. According to historical data, part of the print 
collection was purchased by Valvasor from the heirs of the painter Juraj Wubitsch (Bobič), from Most 
pri Kamniku33. The collection has been preserved in its original form to this day. Valvasor bound the 
prints and drawings by subject, by nationality of the author, and by the production technique. It 
features authors of prints of the 15th, 16th, and 17th centuries. With regard to the covers and 
ornaments of the spine, the volumes are the same as the other books of the Valvasor Library. The 
authors in this collection include very significant names in European print art: Dürer, Cranach, 
Schongauer, the Kilian family, Duvenat, Callot, Justus van der Nypoort and many others.  
The contents of the collection are varied and contain approximately 7300 graphic sheets and drawings, 
collected and glued by Valvasor in 18 hardbound volumes, 31x40 cm in size and sheets of 38.6X30.5 
cm in size, with a characteristic ornamental leather back embroidery, a printed cover in German with 
Valvasor's ex libris (Fig. 3). 
 
32 STIPANOV, J. Knjižnice i društvo : od potrebe do mogućnosti. Zagreb : Školska knjiga, 2010, pp. 176-203. 

















Fig. 3 Valvasor's ex libris from Volume VII of Valavasor's 




During the time of Bishop Maksimilijan Vrhovac (1752-1827), the fourth volume was already missing 
(whose topic cannot be determined), and, today, there are a total of 17 volumes. The print sheets and 
drawings are arranged in volumes; copies with originals, high-value and high-quality works, with 
modest craft or even amateur works. The contents of the volumes are as follows:  
1 Tomus I, biblical depictions predominantly from the Old Testament by Dutch and Flemish authors 
(429 sheets); 
2 Tomus II biblical depictions of the Virgin and Jesus from the New Testament, mainly works by Dutch, 
Flemish and German authors (480 pages); 
3 Tomus III, depictions of saints and hermits (466 sheets); 
4 - 
5 Tomus V, depictions of sibyls, allegorical liberal arts, months and seasons, elements, corners of the 
globe and senses, mainly works by Dutch, Flemish and German authors (298 sheets); 
6 Tomus VI, depictions of traditional costumes, fireworks, theatrical performances and architecture 
(245 sheets); 
7 Tomus VII, coats of arms, geographic maps, views of cities and seaports (210 sheets with 328 maps); 
8 Tomus VIII, newspaper leaflets, historical accounts, ceremonial parades, depictions of peasants, 
musicians, beggars, madmen and more (328 sheets); 
9 Tomus IX, depictions of battles, hunting and fishing, beasts, birds, snails, flowers, herbs, and trees 
and fruits (312 sheets); 
10 Tomus X, depictions on the themes of Ovid's Metamorphoses and Virgil's Aeneid, and other 
representations of poetic and love contents (274 sheets); 
11 Tomus XI, representations on the themes of Ovid's Ars amandi, bound with angels and depictions 





12 Tomus XII Portraits, mainly works by Dutch, Flemish, and German authors, and some by French and 
Italian authors (447 sheets); 
13 Tomus XIII, works organized according to national origin and graphic content of French and partly 
German authors (399 sheets); 
14 Tomus XIV works by J. Callot, his circle and copyists (339 sheets); 
15 Tomus XV, works by French, Dutch and Flemish authors of the prints of A. Dürer, H. Aldegrever, G. 
Pencz, M. Schongauer, L. van Leyden, B. and H. S. Beham, works of a number of Dutch and German 
monogramists of the sixteenth century (415 sheets); 
16 Tomus XVI, coats of arms and woodcuttings (277 sheets); 
17 Tomus XVII, drawings of 17th-century European authors made with sepia, clear and pencil, 
watercolor drawings and drawings on parchments (465 sheets); 
18 Tomus XVIII, watercolor drawings or watercolors and various objects made by nature attributed to 
Valvasor himself (234 sheets). 
Each volume has a printed cover sheet, which lists the general content in German. So, for instance, 
Tomus XI: "Vnderschidliche de arte amandi, Ovidische nackete Kinder, Bachus, Satyri, Romanische vnd 
andere Stutuen auch Lauber zum zeichnen und reissen wie auch allerley Venerische vnd sonsten 
dergleichennackete Kupfer welche mit s'Onderbahren Fleiss zusamben gebracht durch 
JohannWeychard Freyherrn zu Wagensperg in Crain Anno 1685«.  
It should also be noted that the print collection was slightly neglected relative to the library and was 
therefore not listed. It was only the canon Ivančan who made a complete list of prints, studying them 
from 1910 to 1913. In Valvasor's collection of copper engravings and woodcuttings, of the 10533 prints, 
he attributed 4133 works by 455 authors. 
The collection, together with the Metropolitana, was stored in the then new University Library building 
in 1916. In 1948, for easier processing, it was entrusted to the Department of Prints and Drawings of 
the then Yugoslav Academy of Sciences and Arts, and today's Croatian Academy of Sciences and Arts, 
only to be returned to the Metropolitan Library in 1996, where it is still being professionally processed. 
Certain parts and units are often exhibited in large exhibitions. The facsimile edition of all 17 volumes 
was published in collaboration with the Slovenian Academy of Sciences and Arts in 2010, so that, now, 
this whole fund is more accessible and easier to process.  
Valvasor's print collection came to be as a result of his passion for prints, which he later turned into 
his publishing and printing company in Bogenšperk. The collection of prints is impressive, especially 
since Valvasor himself formed it, grouped it into 18 volumes, which he had bound, and gave each 
volume its number and title. It was a huge operation, not only because of the number of prints, but 
because of the different formats the owner himself formed into his volumes. At the beginning of his 
passion for collecting was the purchase of a print collection by the Slovenian painter Juraj Wubitsch 
(Bobič), which, according to France Stele, Valvasor purchased from his successor. In terms of content, 
it is evident that the collection was assembled to be copied. These are significant works, mostly by 





inspired him to this collecting endeavor, since the collection that Valvasor cultivated in all its forms 
had always been present in human history and civilization. His different interests and passions certainly 
prompted him to collect everything of value. 
The link to this particular approach to collecting prints, in this case of drawings, is found in the first 
such collection of Vasari's34 Libro deʼDisegni, which the owner carefully collected throughout his life, 
designing a suitable decorative frame for each drawing. Vasari collected the drawings after the death 
of the artists whose workshops were closing, giving value to the artistic drawings that actually provided 
insight into the creation of the work from the sketch, elaboration, study, and, finally, the final work. 
He collected the drawings, cut them, trimmed, attributed, and constructed the decorative frames in 
the manner of marble altars. There were about 600 pages with approximately 2000 drawings from the 
14th, 15th, and 16th centuries, with the volumes organized chronologically and according to authors. 
After Vasari's death in 1574, his heirs sold five volumes of the collection to the Florentine collector 
Niccolò di Sinibaldo Gaddi. The collection has not been preserved in its original form, but individual 
sheets with the distinctive Vasari decorative frames have been preserved and are now in the 11 
collections of the large museums - the Louvre, British Museum, Albertina/Vienna.  
It is another very significant print collection that is difficult to compare with Valvasor's because of its 
volume, but we can compare it in terms of the passion for collecting and love of prints and drawings. 
This is the Albertina of Vienna, the largest and most valuable print collection in the world. The Vienna 
Print Collection and Museum holds about 65,000 drawings and over one million prints. The museum 
is housed in the palace of its founder, after which it was named, Archduke Albert Kasimir von Sachsen-
Teschen (1738-1822), son of King Augustus III of Poland. Archduke Albert began collecting drawings 
and print sheets as a governor in the Netherlands and installed the print collection in the 1770s at 
Pressburg Castle, where he resided as governor of the Kingdom of Hungary from 1765 to 1781. 
Albertina has been located in the palace of Archduke Albrecht in Vienna, in the same place, since 1795 
and it was first opened to the public in 1822. After Albert's death, the collection and the palace itself 
came to his heirs - Archdukes Karl and, later, Albrecht and Friedrich, who continued to enrich the print 
collection. 
Since 1919, the collection has been in the possession of the Republic of Austria, and, in 1920, it merged 
with the collection of prints of the former Imperial Court Library. The collection and the palace in which 
it is housed have been called Albertina since 1921. The museum also houses the works of Leonardo da 
Vinci, Michelangelo, Raffael, Peter Paul Rubens, Oscar Kokoschka, Rembrandt, Albrecht Dürer, Gustav 
Klimt, and Egon Schiele. 
These examples are the passion for collecting and the creation of a collection according to interests, 
which makes each of them unique and imbued with the individuality of each collector. Collections, 
however, remained intact, which, although time had left its mark, gave us insight into works of artistic, 









2.4. The History of the Paper, the Process of its Making and the Historical Development of 
Watermarks up to Valvasor's Time, the End of the 17th Century 
 
In his 1951 book with the simple title Knjiga o knjizi35 (Book on the Book) in the chapter under the 
iconic title Najvažniji pisaći materijal čovječanstva: papir ili hartija (The Most Important Writing 
Material of Humanity: Paper), Chapter XIV, Zvonimir Kulundžić gives this material the title of the most 
important and significant invention of our civilization. Today, in the age of informatization, when 
technology is changing at a rapid pace, we can say that, until the new information age, it was certainly 
significant for cultural, artistic, and scientific development through the previous centuries. Paper, in 
the form as we know it today, as a mass product, is in fact of a very recent date, only 150 years old, 
when wood was used as material for its manufacture. By this time, however, paper had a very long and 
interesting history.36 
Paper replaced parchment as writing material in Europe and the Middle East, just as parchment, before 
it, replaced papyrus. And it all started in the Far East, in China, where, due to the lack of raw materials 
for writing and the cost of raw materials necessary to produce writing materials, something had to be 
devised to replace it37. So, year 105 was recorded as the year when Cai Lun (Mandarin and then 
Minister of Agriculture and Director of the Imperial Weapons Factory) (Fig. 4), informed Emperor Ho 
of the discovery of paper. After discovering paper, Cai Lun was revered in China as a deity38.  
Cai Lun used textile waste of vegetable origin, old cloths, fishing nets, and tree bark as raw material. 
He ground the fibers, then soaked them in slaked lime, and, finally, made a pulp. He then placed the 
pulp on a mold, a wooden frame, made of thin bamboo sticks. The fibers lingered on the mold and 
water dripped through it. The sheet thus obtained was removed from the mold and placed on special 
boards or on the walls to dry in the sun. The sheets were stacked on top of each other and pressed in 
wooden presses in bundles. The pressed sheets were then coated with glue to strengthen them. Thus 
dried, they were laid on marble slabs and ironed with ivory to flatten them and get a shine 39.  
 
35 KULUNDŽIĆ, Z. Knjiga o knjizi, historija pisama, materijala i instrumenata za pisanje. Zagreb : Školska knjiga, 
1951,  pp. 443-460. 
36 Ibid pp. 444. 
37 Before the invention of paper, the Chinese wrote on wooden boards and bamboo, and, later, wrote calligraphy 
on fabric. The manufacture of books and scrolls of fabric caused a great deal of waste, so that only an expert 
craftsman could conceive of the idea that, by grinding unused fabrics into fibers, a sheet of paper that could be 
used for writing could be created. Fabrics were expensive and there was a need to produce cheap materials 
quickly. 
38 HUNTER, D. Papermaking : the history and technique of an ancient craft. New York : Dover Publications, 1978, 
pp. 49. 
















Fig. 4 An 18th-century Qing dynasty print depicting Cai Lun as the 
patron of papermaking40 
 
The secret of papermaking was successfully kept by the Chinese until 610 AD, when it was discovered 
by the Koreans and then, around 700 AD, the Japanese. Paper production in Japan remained essentially 
the same, except for raw material based on the extremely long stems of the Kozo plant fibers (Japanese 
papyrus mulberry; lat. Broussonetia papyrifera, jap. Kozo), a plant that only grows in Japan41.  
In 751, the Arabs claimed victory in the war with the Chinese, and probably brought a few of those 
who knew the secret of papermaking with them, as prisoners. Arab paper production then began and 
spread throughout the Arab country. The first major state-owned paper workshop was built in 
Baghdad in 794, the same year Sultan Harun al-Rasheed brought the paper to his court offices. Several 
years later, production expanded to Damascus, Tibani, Tripoli and other cities42.  
The Arabs used other raw materials close to them, such as old linen cloths, and, after a while, cotton, 
but to a lesser extent. Like the Japanese before them, the Arabs also improved their paper production 
by refining the technology of shredding fibers by grinding them using millstones operated by 
waterpower. In addition, they upgraded the mold the Chinese made from bamboo -the Arabs made it 
from metal wires, significantly extending its durability.  
The Arabs called writing material kaghad, kaghid or várak. In the 13th century, in Arab countries, paper 
formats were standardized, and paper sizes were determined according to their purpose43.  
The Arabs managed to preserve the secret of paper production for four centuries in order to sell it at 
high prices in markets that were unfamiliar with papermaking technology. Their paper production was 
a state monopoly, and educated people were involved in the production of paper: judges, scribes, 
teachers, priests, writers who often proudly added al warak to their titles, which meant paper 
manufacturer. Conquering lands one by one, the Arabs spread their papermaking knowledge, so paper 
mills were established in their empire from Turkestan in the east, to Gibraltar in the west. 
 
40Gutenberg and the Koreans : the invention of paper. Cai as the patron of papermaking. In Wikipedia : the free 
encyclopedia [avaliable online] Last modified 15. 1. 2020 [cited 26. 1. 2020]. Retrieved from:  
<https://en.wikipedia.org/wiki/Cai_Lun#/media/File:Cai-lun.jpg>. 
41 Ibid, pp. 449. 
42 Ibid, pp. 449. 
43 Kulundžić lists these Arab names for paper in his book on page 450, while Mošin listes them in chapter II, Papir 
kroz vjekove, in his text Filigranologija kao pomoćna historijska nauka on pp. 43, where he writes about kaghad, 





Arab geographer and writer Idrisi44 wrote in one of his mid-12th century travelogues from southern 
Spain, that there were several paper mills near Valencia, in the small town of Xativa, which received 
most of the raw materials from the famous Valencian linen, where it is evident that the technology of 
papermaking was taken over from the Arabs. It is also the oldest historical record of the first known 
paper workshop in Europe to date.  
From Spain, production expanded to southern France in the 13th century, so that the workshops of 
that time supplied paper throughout the eastern region of present-day Germany. Paper production 
began in Italy during the Moorish occupation of Sicily. The first historical data on the existence of paper 
mills were found in 1276, in Fabriano in the then March of Ancona, in central Italy. The craft was 
developing rapidly, so soon there were fourteen paper mills in Fabriano itself at that time45.  
During the 14th century, significant paper production was developing in Italy, and a number of mills 
were operating in Padua, Treviso, Bologna, Parma, Venice, and Milan, which gave these cities a 
precedence in paper production. In its expansion, paper production spread from northern Italy to 
southern Germany during the 14th century46. 
Historical records (Nuremberg Chronicle47) say that the city patrician Ulman Stromer48 erected a large 
paper workshop in front of the doors of Nuremberg (Fig. 5) in 1390. Stromer decided to start a paper 
mill after recognizing the success this business had in Italy. In order to provide the know-how, he 
brought and employed several foreign trained papermakers in Nuremberg49. This workshop had 
eighteen water-driven mills (Figure 5) for the milling of fibers, which he described in his diary Püchl 
von mein geslecht und von abentowr (Booklet on my experiences and adventures)50. Stromer also 
exported paper to Nordic countries and his production expanded so much that, in 1600, there were 
218 paper workshops in Germany (a quarter of those were in Bavaria, mostly in Nuremberg)51.  
 
44Muhamed el Idrisi, full name Abu Abd Allah Muhammad al-Idrisi al-Qurtubi al-Hasani al-Sabti, (arabic:  أبو عبد 
اإلدريس   محمد  هللا ), (Ceuta, 1099 – Palermo, 1164) cartographer and geographer. At the invitation of King Roger II, 
in the mid-12th century, he came to the Norman court in Palermo, Sicily to compile a new great map of the 
world. He traveled the Mediterranean and collects data to produce a map in 1154 and names it in honor of his 
patron, Tabula Rogeriana. 
45 Ibid KULUNDŽIĆ, pp. 451. 
46 Ibid KULUNDŽIĆ, pp. 452. 
47 The Nuremberg Chronicle, or Liber Chronicarum, a universal history compiled from ancient and modern sources 
compiled by the Nuremberg physician, humanist, and bibliophile Hartmann Schedel (1440–1514), is one of the 
most heavily illustrated and technically advanced works of early printing. It contains 1809 woodcuttings made of 
645 blocks. The Nuremberg entrepreneur, Sebald Schreyer, and his son-in-law, Sebastian Kammermeister, 
financed the production of the book. Michael Wolgemut and his brother-in-law, Wilhelm Pleydenwurff, 
completed the illustrations around 1490, at a time when their workshop was at its peak and the young Albrecht 
Dürer had just completed his apprenticeship there. It is one of the best documented early printed books and one 
of the first to successfully integrate illustrations and text. 
48Stromer's mill is represented in a colored woodcutting in the magnificent Nuremberg Chronicle of 1493, with 
information that it was located outside the city walls because of the stench and noise it produced. 
49 HUNTER, D. Papermaking : the history and technique of an ancient craft. New York : Dover Publications, 1978. 
50 The German National Museum in Nuremberg has two pages from Ulman Stromer's diary, which is the earliest 
European document describing the art of paper production. HUNTER, D. Papermaking : the history and technique 
of an ancient craft. New York : Dover Publications, 1978, pp.323. 





Gutenberg52, with his invention of printing in movable cast letters, and with the advent of the 
Reformation, constituted a turning point in the demand for paper, so that production increased 
manifold. It was necessary to produce a large amount of paper for an increasing number of printed 











Fig. 5 Stromer's paper mill in the 
Nuremberg Chronicle of 1493. 
The building complex is at the 




In 1494, the first papermaker in England, John Tate of Hersford, was mentioned, who, at that time, 
had a large manufactory with six hundred people.  
In the Netherlands, paper production came from France and the first workshop is mentioned in 1586, 
in the city of Dortrecht and, afterwards, in Arncheim. After a hundred years, there was a boom in paper 
production because of the move of Protestants out of France after the abolition of the Protestant 
edict54 in 1685, which had, until then, protected the Protestants55.  
Paper production had an important and distinguished place in manufacturing in Europe during the 
Middle Ages. Paper, like any other goods, was sold at major annual fairs, but, with the development of 
a book-writing culture, the demand for it grew.  
 
2.4.1. The Process of Papermaking in the 17th Century 
 
52 Gutenberg, Johann, German printer, inventor of typography (probably Mainz, circa 1397 - Mainz, February 3, 
1468). In 1436, according to preserved documents, he had a printing press and performed experiments with it. 
He founded a printing workshop in 1448. In 1455, he completed his first typographic work, a Bible in Latin on 
1282 folio pages in two columns, each containing 42 lines. It is the famous Bible of 42 lines, printed in 100-200 
copies, partly on parchment and partly on paper; approximately 40 complete and incomplete copies of this 
edition were preserved to date. Imitating the then Gothic penmanship in cast letters, with its ligatures and 
abbreviations, Gutenberg used 290 different characters for this edition. 
53 Woodcut of Nuremberg Nuremberg Chronicle Liber Chronicarum, Author, Hartmann Schedel; Illustrator, 
Michael Wolgemut and Wilhelm Pleydenwurff; by Anton Koberger, 1493, Page 336. 
54 The Edict of Nantes, legalizing Protestantism in France in 1598; it was revoked in 1685 by Louis XIV by the Edict 
of Fonteainebleau. 





The papermaking process basically did not change since its discovery in China. What did change over 
time was the refinement of production technology to increase and accelerate production as the paper 
market grew.  
Raw materials for papermaking did not change significantly over the centuries until the mid-19th 
century, when, due to the lack of raw materials, a new one was introduced - wood. At first, these were 
cloths made of clothing and fabric. Raw material for paper production, already in Arab times, before 
paper technology came to Europe, was made up of remnants of linen fabrics, because linen, as a fiber, 
was mostly used for making fabrics and clothes. Cotton was used to a lesser extent, alongside linen, 
but linen was most represented.  
The very process of paper production in the 16th and 17th centuries was described in technical books 
describing the various crafts and industries that existed at the time. Thus, Jost Amman56, a Swiss-
German print artist, produced a series of over 100 woodcuttings with descriptions of the crafts 
operating during his time. One such woodcutting shows the interior of a paper workshop (Fig. 6), and 
in the foreground, the papermaker stands next to a barrel filled with paper pulp (a mixture of water 
and fibers). The papermaker holds a mold to grab the paper pulp, and a boy bearing finished sheets of 
paper stands in front of the barrel. In the background, there is a press in which sheets of paper are 
formed between the woolen felt sheets, where they are pressed and flattened. To the left of the press 
are bats that grind old cloths and, behind them, two windows through which a wheel driven by water 














Fig. 6 Jost Amman, The Papermaker in Hartman Schopper's Book 
of Trades; Jost Amman: Chartarius. Der Papyrer: Panoplia. 
Omnium illiberalium mechanicarum aut sedentarium artium 
genera kontinenti; Hartmannu Schopperu Francoforti ad 
Moenum, apud Georgium Coruinum, impensis Sigismundi 
Feyerabent, 156857 
 
The following print (Fig. 7) is of a paper mill from the second half of the 17th century. Georg Andreas 
Böckler (approximately 1617 Cronheim -1687 Ansbach, Bavaria) was a hydraulic engineer from 
Nuremberg, and his book, Theatrum Machinarum Novum, first published in Nuremberg in 1661, was 
 
56 Jost Amman (Zürich, July 13, 1539 – Nuremberg, March 17, 1591) 
57 The Print : book : book-illustration. In The British Museum [Available online] [cited  25. 1. 2020]. Retrieved 





primarily devoted to hydrodynamic machines, including modern paper production. The whole process 
is visible on the print, so, along the left edge of the print, there is a figure of a donkey bringing bundles 
of cloth as raw material for production. On the outside of the workshop wall, a wheel (A) driven by the 
power of the stream is visible, as well as the power (B, C) being transmitted to the bats (D, E) which 
grind the old rags (bundles of old rags are visible along the bats) and convert them into fibers that, 
together with water, form a paper pulp contained in a large barrel (G). A papermaker, holding a mold 
in his hands stands next to the pulp barrel and prepares to grab the pulp. Later, he distributes this pulp 
in the mold with certain movements, while the excess water flows through the mold. He probably 
passes the sheet thus formed to his colleague standing next to him, by a wooden press (F), who then 
lays the formed sheets on top of each other in the press and tightens the screw-spindle to press or 
straighten the moist sheets of paper. The upper part of the print shows the finished pressed sheets, 
which are hanging on the rope to dry by the window, while there are bundles of finished sheets of 



















Fig. 7 Georg Andreas Böckler: Theatrum 
Machinarum Novum, published in Nuremberg 
166158 
 
A paper mill with certain modernized parts is visible on the woodcutting created in 1689 by Elias 
Porzelius (1662 - 1722), a German print artist - engraver. On the print (Fig. 8) we can see that the paper 
pulp is probably coming from the top floor through a tube into a paper pulp tray, and the worker laying 
the formed sheets of paper from the mold on top of one another is protected from water spray by a 
screen. Beside him stands another worker preparing sheets for pressing. In the background, bats and 
a wheel driving the whole mechanism of grinding fibers is visible.  
 





















Fig. 8 Elias Porzelius, “Das wohlausgesonnene 
Pappiermachen”, in the book entitled: Curiöser 
Spiegel, worinnen der gantze Lebenslauf des 
Menschen von der Kindheit bis zum Alter zu 
sehen, in Figuren, mit beygefügten ganz neuen 
kurzen Erklärungen; Nuremberg, published in 
the edition by Johann Endter, 1689. 59 
 
These three prints from the period from the end of the 16th to the end of the 17th century show that 
papermaking technology changed with minor technological advances aimed at improving and 
accelerating the production process. The process of preparing paper pulp, which was later explained 
in detail by the French writer Joseph Jerome Le Francois de La Lande in 1762 in his book Art de faire le 
Papier, wasn't represented. The process is also described in detail in Encyclopédie, ou Dictionnaire 
raisonné des sciences, des arts et des métiers, vol. 5 (plates), Diderot & d’Alembert Paris, Briasson 
1751–65, where the complete papermaking process is shown through 13 prints. Thus, the first print 
shows the appearance of the Anglée Manufactory, near Montargis (100km south of Paris), followed by 
a process of sorting cloths, fermentation (boiling rags in lye), cutting cloths into smaller pieces, a 
representation of the drives with fiber grinding bats (with detailed views of the bat mechanism), 
making or weaving paper molds, forming sheets and pressing and, finally, finishing the sheets with 
gelatin in a layer or dipping them into a bath.  
From all of the above, it may be concluded that the sheets from Valvasor's print collection were created 
just before the major modernization of paper production, when each stage of production had its 
carefully developed course. During the 16th and 17th centuries, these were smaller manufactories 
with fewer workers (and mostly whole families60), while the 18th century brought the elaboration of 
the production process into a whole series of stages with specialized workers. Demand for paper grew, 
 
59 WENGER, E. Bernstein : the memory of paper’ an integrated digital environment for watermark research. 
Paper History : Journal of the International Association of Paper Historians, 2009, Volume 13, pp.8-12. 
60 The job was arduous and extremely difficult, people worked up to fifteen hours a day in damp workshops. 
Workers and their families, who also worked in the workshops, resided in or near the mill and their meal 
breaks were so short that they barely had time to eat. The hygienic conditions were extremely difficult and the 
workers who worked in such harsh conditions also suffered lasting health consequences. HUNTER, D. 





and production expanded and refined with it, which aimed to improve the quality and speed up the 
production process.  
When it comes to paper production in the surrounding countries, Slovenia had the most significant 
role, as it was among the first to start producing paper in the 16th century. In the archival data, the 
first name mentioned related to the production of paper in Slovenia was Hans Khisl61. In 1572, Khisl 
was granted the privilege to build a grain mill, a paper mill, and a glasshouse next to the Fužine Castle62 
near Ljubljanica. The paper mill operated from 1579 to 1593. Master Pankrac, a fugitive who had to 
pay taxes to his master in cash or paper products, worked at that mill. The paper had its watermark, it 
was the coat of arms of the Khisl family. Valvasor mentioned the paper mill on Pelanda63 in his Glory 
of the Duchy of Carniola (II, Issue XI Book pp. 706), issued in 1689, while writing about the trade of the 
city of Ljubljana.  
Kulundžić also mentions, according to the data obtained from the Slovenian historian, prof. Ferdo 
Gestrina, that there were three more mills in Slovenia in the 16th century. (1553, Št. Vid; 1563 Št. 
Ruprent kod Celovca and in 1551, a mill in the vicinity of Beljak) and one, later, in the 17th century. 
(Velšperk in Levantiska valley). Later, two important paper manufactories were established in Radeče 
near Zidani Most in the 18th century, and one was founded in 1870, in Vevče near Ljubljana, which 
operated until the early 21st century.  
 
2.4.2. Paper additives throughout history  
Throughout its history, paper's basic ingredient, fiber, has been supplemented by additives intended 
to improve its quality or adapt it to its purpose. The three basic additives were adhesive, filler, and 
colors. Adhesive was used as the most common additive for improving the quality of paper. It was 
added and applied in two ways. It was initially coated on the already formed moist sheet of paper or 
immersed in it, but, later, the adhesive was added to the paper mass (Fig. 9). The purpose of it all was 
to interconnect the fibers better, or to interconnect all other ingredients added to the paper. The 
adhesive improves the mechanical and surface paper properties, regulates the ability of paper to 
absorb drawing ink and ink, which improves the quality of writing. The most commonly used adhesives 
found in papers throughout history are starch and gelatin.  
 
61 The Slovenian Bibliographic Dictionary contains information about Hans Khisl, a nobleman (? –1587), the son 
of the judge and mayor Vid Khisl. Khisl was a prominent figure of his time in Slovenia and held very high positions 
in the then national hierarchy. He was a great benefactor and promoter of science, art, and Slovenian protestant 
literature. In an article entitled ŽABOTA, B. Rodbina Khisl : novoveška zgodba o uspehu. Kronika : časopis za 
slovensko krajevno zgodovino, 2003, no. 51, 2003, pp. 1-26.  .   
62 The construction of the castle was funded by Vid Khisl and his son, Janez. The Khisle family came from Bavaria 
in 1519. The entrepreneurs amassed wealth quickly; they owned a blacksmith, ironworks, mills, glass, a paper 
mill, and a fabric mill. The castle was built on the left bank of the Ljubljanica river, by a wooden bridge, between 
1528 and 1557, in Renaissance style. There, Ljubljanica formed rapids and a natural dam that served as the driving 
force for the mill.  
63 Ibid KULUNDŽIĆ, pp. 460 in the chapter Počeci proizvodnje papira u nas leads us to a quote from the Glory of 
the Duchy of Carniola (II Issue XI Book pp. 706) containing information on the existence of a paper mill in Slovenia. 
Prior to that, it had a paper mill before the doors of the monastery, in Peland, and a glass workshop, before the 





There is no precise information on the manner and amount of the additives applied. The basis with 
more specific information on paper additives and their effect on paper during aging are provided by 
William Barrow64. By conducting analyses on a large number of paper sheets from different periods, 
Barrow obtained results that formed the basis for revealing a more accurate paper composition over 
the centuries.  
Already in the 8th century, the Chinese used plaster and glue made from lichen and, later, adhesive 
made of wheat starch as a coating. The Arabs later refined the paper production process and used a 
starch they polished as a coating, in order to produce a high gloss surface similar to the traditional 
writing material - parchment. The base prepared in such a manner was ideal for inks, pencils and 
calligraphic writing styles developed on parchment.  
Voorn65 states that the use of starch, as was the tradition in the Muslim way of producing paper, was 
a common practice in Europe until around 1275. Between 1275 and 1300, gelatin was used in an 
experimental state, and after 1300, the use of gelatin became standard. The first use of gelatin was 
recorded in 1337. Animal gelatin (the first type of gelatin) was produced from horns and hooves. With 
the rise of paper production in Italy in the 14th century, the use of gelatin was widely spread66.  
In the 16th century, alum (potassium aluminum sulphate KAl(SO)2 x12 H2O) was used in addition to 
gelatin, and, from the middle of the 17th century, it was widely used in paper production. Although 
literature states that the use of gelatin began in 1337.67, alum was not used with gelatin until the 16th 
century. In the tests conducted by W. J. Barrow, alum was found in twelve of the tested forty-five 
books from the 16th century68. Due to the composition of the alum, potassium aluminum sulphate, 
the pH of the paper became acidic, which was visible and, according to the amount of alum, increased 
over time from the 16th to the 20th century, thus changing the pH of paper from 6.7 to 4.869.  
 
64BARROW William James (1904 – 1967), an American chemist and paper conserver. As a chemist, he was 
engaged in research on the neutralization of acid paper during the 1950s and 1960s, thereby laying the 
foundations for stabilizing paper as the base of archival and library material in the conservation and restoration 
profession. ROGGIA, S. The Great Promoter: William J. Barrow and His Role in the History of Conservation; AIC 
American Institute for Conservation, The Book and Paper Group Annual 20 (2001) 31-34. 
65Henk Voorn (1921 - 2008), the first president of the IPH (International Paper Historians Association) from 1963-
1974. Author of four books on the history of paper and watermarks in the Netherlands. 
66 Paper through Time: Nondestructive Analysis of 14th- through 19th-Century Papers. European papermaking 
techniques 1300–1800. In Paper through Time : Nondestructive Analysis of 14th- through 19th-Century Papers 
[available online]. Last modified 31. 7. 2018 [cited July 31, 2018]. Retrieved from:  
<http://paper.lib.uiowa.edu/european.php#_edn82>. 
67HUNTER, D. Papermaking : the history and technique of an ancient craft. New York : Dover Publications, 1978. 
68BARROW, W. Permanence/Durabilityof the BookVII; Physical and chemical properties of book papers, 1507-
1949, Richmond : W. J. Barrow Research Laboratory, 1974. 
69BRÜCKLE, I. Aspects of the use of alum in historical papermaking. In Conference Papers Manchester 1992, 


















Fig. 9 Prints showing the processing of gelatin paper in the mid-
18th century from the Encyclopédie, ou Dictionnaire raisonné 
des sciences, des arts et des métiers, vol. 5 (plates XI), Diderot & 
d’Alembert. Paris, Briasson [etc.] 176570 
 
 
In the late 17th century, Imberdis71 listed two tests to control the quality of paper coatings; the first 
test was used to test the soundness; if the papers were sound and rustled like parchment, the coating 
was of good quality, and the second was the absorbency of the paper - if the saliva penetrated the 
paper coating, it would not be deemed satisfactory. Today, it is possible to analyze the composition of 
paper by using the FTIR72 analysis, which yields a spectrum comparable with the spectrum of a known 
sample as a result, and, by using the comparative method, it is possible to determine the origin of 
paper additives73.  
In 1680, a Holander beater for grinding paper pulp was developed in the Netherlands, consisting of an 
ovoid water raceway that had a partition in the center. This ovoid water raceway had a partition in the 
middle that allowed the suspension to circulate through the raceway (Fig. 10). On one side, there is a 
beater wheel with transversely narrow (sharp) blades that rotates above the housing also equipped 
with blades74. The machine uniformly ground the fibers, which was visible on the formed sheet of 
paper, which had a more uniform surface.  
 
70Papermaking. In Encyclopedia of Diderot & d'Alembert Collaborative Translation Project [available online] Last 
modified 2009 [cited 27. 1. 2020]. Retrieved from: <https://quod.lib.umich.edu/d/did/did2222.0001.508/--
papermaking-plate-i-b?rgn=main;view=fulltext>. 
71In 1693 Jean Imberdis (1667), a Jesuit, published the first book on paper production, entitled Papyrus sive ars 
confiendae papyri from Cleremont, and was printed by Damian Boujon. 
72 Fourier Transform Infrared Spectroscopy Technique, spectroscopy identifying the constituents of the sample 
by analyzing the absorption or emission spectra of infrared radiation.  
73 GARLICK, K. A Brief review of the history of sizing and resizing practices. In Book and paper Group Annual 
[Available online]. The American Institute for Conservation, Vol. 5, 1986 [cited 25. 11. 2019]. Retrieved from: 
<https://cool.culturalheritage.org/coolaic/sg/bpg/annual/v05/bp05-11.html>. 


















Fig. 10 The construction of the Holander beater, Encyclopédie, ou 
Dictionnaire raisonné des sciences, des arts et des métiers, vol. 5 (plate 
VIII), Diderot & d’Alembert. Paris, Briasson [etc.] 176575 
 
2.5. On the history of watermarks  
 
A watermark76 is a term used for a character in paper visible in transient light. It is an indelible mark 
on paper created as a result of a sign embroidered on a paper mold77. The mold consisted of a 
detachable wooden frame and a screen woven on the fixed wooden frame. The screen was woven of 
metal wires, and the vertically placed wires were called chain lines and the horizontally woven wires 
around the chain lines - laid lines (Fig. 11). Chain lines were placed above the wooden cross-parts as 
additional screen stabilization. A wire figure was formed on the surface of the screen, creating a 
watermark on the mold78 (Figs. 12 and 13).  The sign and the imprint of the screen can be seen in 
transient light79. 
 
75 European papermaking techniques 1300–1800. In Paper through Time : Nondestructive Analysis of 14th- 
through 19th-Century Papers [available online]. Last modified 31. 7. 2018 [cited July 31, 2018]. Retrieved from:  
<http://paper.lib.uiowa.edu/european.php#_edn82>. 
76 Vodjanaj znak russian; vodoznačka češ.; znak wodne polish.; wasserzeichen german.; watermark English. 
77 LABARRE, E. The briquet album : a miscellany on watermarks, supplementing Dr. Briquet's Les Filigranes. 
Hilversum : Paper Publications Society 1952, pp. 320. 
78 WENGER, E. Bernstein : the memory of paper’ an integrated digital environment for watermark research. Paper 
History : Journal of the International Association of Paper Historians, 2009, Volume 13, pp. 8-12. 
79 The paper is thinner on these parts. When forming paper on the mold (woven with metal wires, like a fabric), 
the fibers are arranged in a thinner layer at the protruding points on the screen. These protruding points on the 


















Fig. 11 Representation of the creation of a paper mold from 
Encyclopédie ou Dictionnaire raisonné des sciences, des arts et 
des métiers, par une Société de Gens de lettres Diderot & 





Fig. 12 A paper mold from the period of 1880-
1885, Science Museum, London, England81 
 
Fig. 13 A paper mold diagram showing the parts 
of the mold82 
 
Bartolus de Saxoferrato, a famous 14th-century Italian jurist, professor of Roman law at the University 
of Pisa and Perugia, discussed some of the manufacturers' trademark rights in his treatise De insigniis 
et armis83. His text used the example of paper mills from Fabriano which protected their products with 
 
80 Papermaking. In Encyclopedia of Diderot & d'Alembert Collaborative Translation Project [available online] Last 
modified 2009 [cited 27. 1. 2020]. Retrieved from: <https://quod.lib.umich.edu/d/did/did2222.0001.508/--
papermaking-plate-i-b?rgn=main;view=fulltext>. 
81 Paper-making Mould with watermark, 1880-1885. In Science Museum. Project [available online] Last modified 
2009 [cited 28. 1. 2020]. Retrieved from: 
<https://collection.sciencemuseumgroup.org.uk/objects/co160287/paper-making-mould-with-watermark-
1880-1885-paper-making-moulds>. 
82 RÜCKERT, P.,HODECEK S. and WENGER, E. Bull’s head and mermaid the history of paper and watermarksfrom 
the middle ages to the modern period. In Booklet and catalogue of the exhibiton presented by the Landesarchiv 
Baden-Württemberg. Third, enlarged edition.  Stuttgart : Landesarchiv Baden-Württemberg, Hauptstaatsarchiv 
Stuttgart, 2009, pp. 10, 125. 





a trademark, i.e. a watermark, in the paper. In Europe, such a watermark became the trademark of 
papermaking workshops, while the Arabs, and the Chinese before them, did not put such a mark on 
their papers.  
The first major watermark collections were published by N. Lihačev84, who collected data on paper 
production in Russia and worked on with the issue of mark provenance by collecting 783 watermarks 
for his first book, and for the second one entitled Paleografska važnost vodenih znakova u 3 sveska 
(Paleographic Importance of Watermarks in 3 volumes) in 1899,  with 4268 characters85. Charles M. 
gave an even greater importance to the study of watermarks. Briquet published a book of 16,112 
watermark representations from 1923, laying the foundations for filigranology as one of the auxiliary 
historical sciences86.  
The oldest watermark was used in Cremona (Italy) as early as the 13th century, in 1271, in the form of 
the letter F. While Briquet named the Greek cross87 used in mills of Bologna in 1282 as the oldest mark. 











Fig. 14 The first recorded watermark according to Briquet 
(Briquet 5410), Bologna, 1282. 88 
 
The watermark changed through history, so the marks were simpler in the beginning. In the 13th and 
early 14th centuries, the following appear as watermarks: a cross, a circle, a triangle, a star and some 
other geometric shapes, then a human head, an ox's head, an eagle, a sword, a trefoil, etc. In the 
middle of the 14th century, watermarks in the form of coats of arms appear in Italian workshops. In 
the 15th century, in addition to initials, we also find entire names of the manufacturers, which makes 
it easier for to determine the provenance of paper mills today. The frequent use of heraldic symbols is 
typical for the 16th century. These are often the coats of arms of the landlord on whose territory the 
workshop is located. In the 17th century, the watermarks were, in some way, a reflection of the times, 
so they became larger and more complicated in the baroque style. We even come across watermarks 
 
84 Nikolai Petrovich Likhachev (1862 - 1936) is a Russian historian who has dealt with the analysis of papers and 
watermarks on Russian and European manuscripts. V. Mošin refers to him as a significant scientist in the field of 
filigranology in his book Filigranologija kao pomoćna historijska nauka (Filigranology as an auxiliary historical 
science).   
85 MOŠIN, V. Filigranologija kao pomoćna historijska nauka. In Zbornik Odsjeka za povijesne znanosti Zavoda za 
povijesne i društvene znanosti Hrvatske akademije znanosti i umjetnosti, 1954, Vol.1, pp. 31. 
86 Ibid, pp. 31. 
87 According to IPH standard, under class S1/3. 
88 JAMES, C. Old master prints and drawings : a guide to preservation and conservation. Amsterdam : Amsterdam 





depicting entire mythological scenes. In the 18th century, watermarks were often allegorical 
compositions and figures of saints89.  
The watermark was initially arbitrarily placed on a sheet of paper, but, after the 14th century, it had a 
specific spot on the paper, usually in the middle of the top half of the sheet of paper. The initials or the 
names of the manufacturers began to be inserted along the main watermark over time, as a counter-
mark placed opposite the main watermark on the mold.  
Throughout history, there have been researchers who have contributed to the development of 
filigranology, and Vladimir Mošin, in his 1954 text Filigranologija kao pomoćna historijska nauka90, lists 
a few of them. Thus, one of the first collections of watermarks has been in the British Museum since 
1699, with 1000 sheets and it was compiled by Humphry Wanley. Later, through the work of 
researchers in England, Germany, and Russia, the collected watermarks were published, which 
recognized their importance to the development of historical sciences. Charles-Moïse Briquet91 made 
the greatest contribution to research in this field, by publishing several discussions In which he 
answered a number of unexplained historical questions in the history of paper: the beginnings of paper 
production, the composition of Arab paper (it was believed that it was made of cotton fibers), that the 
old Eastern paper was produced with a different technology than the Western paper, about the 
Western technology that put watermarks in its production in the 13th century in Italy. In Geneva, in 
1907, Briquet published his significant work Les Filigranes, Dictionnaire historique des marques du 
papier des leur apparition vers 1282 jusqu*en 1600 avec 39 figures dans le texte et 16112 fac-similes 
de filigranes, I-IV, the Great Handbook of Watermarks (in the period between 1282 -1600, with 16,112 
watermarks) representing the result of his life's work.  
Henri Alibaux (1872 - 1941) was a salesman and writer of books on paper, in his text The Work of C.M. 
Briquet (Način rada C. M. Briquet92), he describes how to compile and systematize the material for this 
filigranology founder's manual. Briquet copied watermarks on translucent 9.5x12cm paper and placed 
them in envelopes labeled Archive. After eliminating the younger examples, he transferred the 
information about them to the card of the oldest instance. He classified the cards by items, sorted 
them chronologically and added call-numbers. The information he wrote on the card included: 1 
Filigree’s Name, 2 Provenance of the mark in question (Archive), 3 Document label, 4 The place where 
the document was written, 5 The date when it was written, 6 Format, 7 Description of the weft, 8 The 
call number in the series of the object in question  
 
89 STIPIŠIĆ, J. Pomoćne povijesne znanosti u teoriji i praksi, latinska paleografija, opća diplomatika, kronologija, 
Zagreb : Školska knjiga, 1972, pp. 19. 
90 Extensive text from Zbornika Historijskog instituta of the Yugoslav Academy of Sciences and Art 1/1954. 
91 Charles-Moïse Briquet (August 30, 1839, Geneva, † January 24, 1918 in Geneva), was a Swiss paper tradesman 
and paper researcher. He became famous for his research on the history of paper and watermarks of the Middle 
Ages and the early Renaissance. In 1908, the University of Geneva awarded him an honorary doctorate. Briquet 
is considered as one of the most important paper researchers. 
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In 1950, Emile Josip Labarre93 started the Paper Publication Society within which a series of issues of 
Monument chartae papyraceae historiam accompanied by illustrations were published. Since then, a 
number of important works by major European paper historians and watermark researchers were 
published. The series began with Edward Heawood, followed by publications by Aurelio and August 
Zonghi, Alfred Henry Shorter, Walter F. Tschudin, Georg Eineder, Zoja Vasilevski Učastkini and Johann 
Lindt94. The series continued even after his death, but the sponsorship was passed on to the Labarre 
Foundation. 
One of the most significant figures in the field of filigranology is certainly Gerhard Piccard (1909 - 1989), 
a German painter, archivist, and historian, known for his work in watermark research. He created the 
largest collection of watermarks in the world; his work at the Main State Archives in Stuttgart contains 
some 92,000 documents from Central and Western Europe. In his print edition of Findbüchern, Piccard 
published 17 volumes with 4,540 watermark types and 44,497 individual watermark drawings. Thus, 
until recently, more than half of his collection was only useful as a file in the Main State Archives 
Stuttgart (inventory J 340). Meanwhile, the complete Piccard watermark collection ollection is 
available as a digital presentation on the Internet. 
There are now several online watermark databases that have emerged as a result of research 
conducted by individuals within archival or library institutions in Europe. The idea to create a large 
database that would connect European databases and be made available to as many researchers as 
possible came from the Austrian Academy of Sciences, which is still the coordinator of the Bernstein 
project today. The project was co-financed by the European Commission, the eContentplus program, 
from September 2006 to February 2009. 
The aim of the Bernstein project was to create an integrated European digital environment 
encompassing the history of work done and knowledge on paper. The project linked all major European 
watermark databases95, providing a comprehensive and authoritative source of paper information. The 
database benefited from specialized modules for interpreting watermarks and a wide range of 
contextual data containing bibliographic and geographic (GIS) content. Another key objective of the 
project was to make the results, once obtained, available to the widest possible group of users in the 
form of an easy-to-install software package (information dissemination package). In addition, 
 
93 Emile Josip Labarre (December 8, 1883 Huy, Belgium, † June 10,1965), was a European linguist, historian and 
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94 HEAWOOD, E. Watermarks: mainly of the 17th and 18th centuries, In: Monumenta Chartae Papyraceæ 
historiam illustrantia, vol. I,  Hilversum : The Paper Publications Society,  1950  
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specialized image processing tools are available to detect chain and laid line traces of the mold, and to 
automatically detect watermark traces in X-ray images and paper footage in transient light. The result 
of the Bernstein Portal (www.memoryofpaper.eu) are 35 collections of watermarks and more than 
246,500 watermarks (November, 2017) from 16 countries.  
 
2.6. Research Overview  
A review of research on the analysis of the composition and properties of historical papers can begin 
with William Barrow's96 book Permanence/Durability of the Book–VII97, in which Barrow was, among 
the first, to conduct systematic research into the physical and chemical properties of paper from books. 
Barrow can be considered the founder of research papers on historical paper, a researcher who has 
uncovered changes in the composition of paper throughout history and their impact on aging.  
In 1957, Barrow initiated a series of physical and chemical studies aimed at defining the durability of 
paper and the degree of resistance. Of the physical methods, he conducted a test for bending and tear 
resistance, from chemical contents in ash to alum, rosin and wood, carbonates, pH, and microscopic 
analysis of fibers.98. The research was conducted on 1407 papers from books covering the period from 
1507-1949. The results of the research are presented in four groups according to time periods: The 
first period from 1507-1699; the second period from 1700 -1799; the third period from 1800-1899; the 
fourth period from 1900-1949; For each analysis of the results obtained, Barrow provides a brief 
historical overview of the making of the paper with details on the paper additives.  
For the first period, Barrow obtains results for bending and tearing resistance which is very high 
compared to the following centuries. The pH of the paper is satisfactory during the 16th century, while 
in the 17th century the paper began to decrease in size, especially around 1650, which was confirmed 
by a positive test for alum and a negative test for carbonates. The resistance to bending and tearing 
also decreases very briefly after 1650, when the Hollander appears in paper production. According to 
the results of analyses, carbonates are present in 24% of the papers tested the 16th century, which 
changes after 1650 when that percentage noticeably decreases. Barrow cites the introduction of the 
Hollander as the reason why fermentation (which involved the use of lime, slaked lime (Ca(OH)2)) then 
ceases to exist in some mills. The Hollander accelerated the decomposition phase and fermentation 
became expensive, which was reason enough for a change in production that had to become faster 
and more efficient due to the demand for paper. As without the presence of alkaline material there is 
no counterbalance to the acidity from alum, the pH decreases or becomes acidic99.  
The second period of the 18th century is characterized by the acidic pH of the paper, the content of 
alum in 250 tested sheets is 85% while carbonate is only present in 8.8%. Mean pH value of paper for 
the period 1750-1799 is 4.5. All of this affects the physical properties of the paper, so tests show a 
dramatic reduction in resistance to bending and tearing. Thus, the results of the bending tests of the 
first period are 505 bends, while for the second period, there were only 72 bends. The pH dropped 
 
96 William J. Barrow (1904–1967) American chemist and paper restorer.  
97 BARROW, W. Permanence/Durabilityof the BookVII; Physical and chemical properties of book papers, 1507-
1949, Richmond : W. J. Barrow Research Laboratory, 1974. 
98 Ibid, pp. 9-13. 





from 5.3 to 4.5. The method of paper production and finishing is changing. Alum and gelatin enter the 
suspension of water and fiber and become an integral part of the paper before sheet formation100.  
In the period of the 19th wood fibers and a greater presence of aluminum from alum were introduced, 
which was proven in 91% of paper, while 2.8% of carbonate changed the quality of the paper. In 
addition, the acidity of the paper markedly increased, so the resistance of the paper to bending and 
tearing is in some cases immeasurable.  Rosin is found in 70% of the tested papers of the second half 
of the 19th century. In the first half of the 19th century, wood fibers were not proven, while in the 
second half the situation was different and wood fibers were found in 20% of books101.  
In the last period of the 20th century, the resistance and durability of the paper is rapidly reduced. The 
bending resistance tests were so low that a special device had to be designed to measure the bending 
test of such weak paper. As expected, the tear test showed very low results as well. The acidity is very 
high, and the percentage of alum reaches 98.7% in paper, while rosin is at 74%. There is only 2% of 
carbonates and 27% of wood fibers102.  
Barrow summarized the results of all four periods and drew the main conclusions. The use of alum 
lowers the pH which, in turn, leads to a drastic degradation of cellulose. The attached graphs prove 
that the use of alum corresponds to reduced values in pH measurements. Modification in the 
production process results in a reduced carbonate content which, in turn, affects the acidity of the 
paper. The use of chlorine in bleaching cloth residues causes long-term degradation of cellulose that 
cannot be controlled later. The introduction of wood fibers and the presence of lignin from wood 
caused stained, brittle, and rapidly degrading paper103. 
Another author with a group of experts tackled the characterization of handmade paper relying, in 
part, on Barrow’s research. It is the American paper restorer and researcher Timothy Barrett and his 
text entitled Non-Destructive Analysis of the 14th – 19th Century European Handmade Papers104. 
Barrett analyzed 1,578 paper samples from the 14th – 19th centuries to better understand the changes 
in paper that have occurred over time and their effect on paper aging. Detection of gelatin and dye 
content was performed by UV/Vis/NIR spectroscopy105 and the detection of metal particles was 
performed by XRF106. These measurements indicated the presence of potassium (K) and sulfur (S) as 
elements indicating the concentration of alum in the paper while iron (Fe) was a typical contamination 
occurring during production. Calcium (Ca) is usually combined with calcium carbonate CaCO3 which 
serves as an alkaline reserve. His research showed that bright papers (almost white) are associated 
with a high content of gelatin and calcium and a lower content of iron. A significant decrease in the 
content of gelatin and calcium carbonate over time coincides with the development of printing around 
1500, when there was also a change in pH which the researchers explain by a decrease in the two 
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components rather than an increase in the concentration of alum. In this text, Barrett cites the results 
of analyses of the proportions of gelatin, calcium carbonate, and alum that were investigated by 
various researchers and compares them. In his analyses, by using non-destructive techniques, he 
obtained results in which it is evident that the concentration of gelatin, calcium, and the thickness of 
the paper decreases over the centuries with a noticeable change around 1500. The amount of gelatin 
decreases with time and larger changes are visible between the 15th and 16th centuries. According to 
the results of the analyses, it is believed that the decrease in pH is not the result of an increase in the 
concentration of alum, but a result of a decrease in the concentration of gelatin and calcium. In his 
conclusion, Barrett states that the papers of 1500 contain a higher concentration of gelatin and calcium 
than papers in later centuries. Paper thickness before 1500 is greater and the paper is brighter. From 
all of the above, he concludes that more gelatin and calcium in the paper give better paper quality 
while lower quality papers are those with a smaller amount of these two components.  
In the article entitled Slava vojvodine Kranjske 1689 materialna podoba in konservatorsko-
restavratorski poseg na 3. delu107  by the author Jedert Vodopivec Tomažič also tackles a 
comprehensive analysis of the paper in the book and the book itself. The research was conducted on 
14 copies of the 3rd part of the book the Glory of the Duchy of Carniola and consisted of the analysis 
of the structural elements of the original binding, the structure of the book block, and the properties 
of the paper. The methods of work were as follows: binding analysis, book and sheet dimensions, paper 
thickness, watermark, roughness, pH, microfiber analysis, FTIR, optical properties and grammage. 
Measurements were performed during conservation and restoration work on the sheets before and 
after the wet cleaning phase and after coating. It was shown that some results changed after the 
conservation-restoration intervention, so the weight is 2-5% lower, the thickness changed 45% after 
wet cleaning but after coating it equalized with the original measurement, roughness after wet 
cleaning increased but decreased after coating, whiteness was 2% lower while FTIR results remained 
the same.  
In 2004, a book entitled Aging and Stabilization of Paper108 was published with the participation of 
several authors and was prepared by Jana Kolar and Matija Strlič, experts who have been dealing with 
this topic for several years. The first section of the book introduces us to the topic through the history 
of paper production and the history of paper degradation. In the presentation of the history of paper 
production, basic information that brought about changes in paper quality was extracted. Thus, the 
invention of the Hollander at the beginning of the 18th century is mentioned, which, by crushing the 
fibers with metal spatulas, caused the appearance of metal corrosive ions in the material, and then, in 
the absence of material, the use of dyed textiles (which were bleached) and straw (for lower quality 
papers)109. Also, in this part of the text, the authors referred to the additives in the paper that 
significantly affected the aging of the paper. These are additives such as starch in the beginning of 
production, then gelatin and alum and occasionally in exchange for alum and zinc sulfate (white 
vitriol)110. Alum and zinc sulfate in the presence of water increase the acidity and pH of the paper 
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surface drops. The treatment of paper with gelatin did not change until the 19th century when rosin 
and wood pulp came into use, which also contributed to the acidity of the paper. pH is an indicator of 
poor paper durability, making it clear that changes are required. This is why new fibers, fillers, dyes 
and paper processing were introduced.111 In the chapter on paper degradation, the emphasis is on the 
main indicator according to which the degree of degradation is visible, which is the pH of the paper. 
Although it has been concluded that pH is the most important indicator of the degree of paper 
degradation, there are other parameters that affect the durability of paper. They can be roughly 
divided into endothermic (pH, metal ions, lignin and degradation products) and exothermic (heat, 
moisture, oxygen, light, and pollution) factors, and those that appear during production or occur in the 
material during aging, and those which affect the process as much as the environmental parameters. 
The chapter entitled Degradation and Aging of Polymers explains the types of polymer degradation in 
chemical terms, the causes of its formation, and the consequences that occur on the polymer 
molecule. In the next chapter, the authors introduce us to the methodology and analytical techniques 
of studying paper stability. Various chemical, physical and mechanical analyses are listed here, but 
those used in this paper are singled out112. Testing the mechanical properties is an interesting chapter 
because they actually show how much the polymer chains of cellulose have degraded and what is 
visible on the resistance of paper to tearing, bending and the like. The analyses are standardized and 
carried out in conditioned test conditions, but it is a very destructive method that cannot be carried 
out on historical paper, but on samples on which artificial aging has been performed113. The authors 
present the measurement of paper pH as the most widespread chemical test by which we study the 
stability of paper. Measurement methods are presented in a table in which data on the destructiveness 
of the method, type and quantity of samples and the possibility of repeating the measurements are 
given. Most measurement methods in aqueous extract (hot and cold extraction) are accurate, while 
popular paper surface measurement methods are destructive as they lead to the formation of line 
spots after measurement, so degradation can develop more rapidly in these areas. However, in the 
case when pH measurements of paper are carried out for the purpose of indicating whether paper 
neutralization is needed or not and when we have paper that has been surface treated with gelatin 
that is more acidic on the surface, this type of measurement is not relevant. Other types of 
measurements with a pH pencil and pH litmus paper leave staining on the measured paper and there 
is no possibility of repeating the measurement114. Infrared spectroscopy, as is stated in the text, is 
necessary for the study of polymer degradation, as it enables insight into the interior of the process at 
the molecular level, while the degree of polymerization115 (DP Degree of polymerization) enables 
measurement in the overall polymerization effect. The most popular is FTIR (Fourier-transform 
infrared spectroscopy) analysis, which serves to characterize the components. This technique is based 
on the interaction of infrared light with the test substance. The result is a spectrum with absorbed 
bands corresponding to different vibrations in the molecule. Each molecule has a specific spectrum in 
the IR region, as its unique fingerprint. For this reason, it is used for identification in various samples, 
liquids, solids and gases. A small sample is placed under pressure between two diamond windows.116  
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An interesting article that aims to characterize Islamic paper in the period from the 18th to the 20th 
century, entitled Material properties of Islamic paper117. In the introductory part, we are introduced 
to the history of Islamic paper and a comparison with European paper. The main characteristic known 
from historical sources for this paper is that the papers are coated with starch and polished to a high 
degree of smoothness. The authors conducted analyses to characterize Islamic paper in order to 
expand the database on the properties of this type of paper in libraries and archives. Analyses were 
performed on 228 samples by chemical methods for testing and identifying polished paper and starch 
as sizing. Then, tests and analyses to identify rosin and fibers as well as acidity and degree of 
polymerization were conducted. Spot tests for coating identification (starch and rosin) were used to 
characterize the paper coating, standardized methods of analysis for roughness, gloss, specular/diffuse 
reflection ratio were used to characterize the paper surface (gloss-like analysis, the principle of this 
method is to estimate the relationship between reflections on surface and smoothness), and SEM 
(Scanning Electron Microscope). In addition, FTIR analyses, pH, degree of polymerization and NIR 
spectroscopy (Near-infrared spectroscopy) and paper morphology (paper thickness, paper mold lines, 
watermark, paper format) were performed. After extensive research, the following conclusions were 
reached. The smoothness of the paper is uneven, with FTIR analysis proving the presence of protein 
coatings in the paper, in 48% of the paper collection starch was proven, 64% of the papers were 
polished while in 28 samples neither was the presence of starch proven, nor were the samples 
themselves polished. 90 samples were polished but did not contain starch, and 53 of them contained 
starch but were not polished. Only 2% do not contain rosin, which, according to the authors, means 
that it is imported paper. The 15 samples on which fiber analysis was performed show the figures of 
fibers - cotton fibers, and wood. The pH of the paper generally ranged from 6.5-7.0 and 5.5-6.0 except 
in 4 samples where a very acidic pH <5 was measured, and 2 samples contained lignin and 1 rosin. 
According to the results, the degree of polymerization is very low in most samples, so 69% of them 
have DP <1000. The authors link this to the origin of the fibers and say that cotton and phloem fibers 
otherwise have high DP so it is assumed that the papers have been exposed to high temperatures over 
time. The authors emphasize that the research is based on the development of non-destructive 
methods, although spot tests based on the reaction (color change) of the material to the reagent, fiber 
analysis requiring at least a micro-sample, pH measurement in cold aqueous extraction are not non-
destructive. For the implementation of such analyses, special samples were selected on which this was 
possible, so a table with the number of samples used for individual analyses is attached, from which 
this can be seen. 
On the topic of FTIR paper analysis, a series of five articles were reviewed, and we may begin with an 
article entitled FTIR-Deconvolution Spectra of Paper Documents118 from 2002. Already in the 
introductory part it is evident that, in the field of paper research, this is one of the first articles dealing 
with the FTIR of historical papers. Whatman papers with and without coatings subjected to artificial 
aging were used for analysis. FTIRs were taken before artificial aging and then again after artificial 
aging. Finally, the conclusion explains in detail and chemically, what happens to individual chemical 
bonds and groups in the cellulose molecule and thus to the paper after aging in the coating layer and 
under the coating layer, at the foxing sites and with the wood pulp papers. Simply put, the FTIR study 
found pronounced color changes caused by aging in the area above1700cm-1. Then, in the presence of 
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metal particles (Fe +++), the CO signal ranges from 1525-1610cm-1 area. When it comes to coatings, it 
was concluded that both types of coatings degrade, but that the cellulose fibers under the coating 
remain undamaged. In general, the yellow-brown components that appear on coated papers prolong 
aging less than the uncoated ones.  
In the paper entitled Fourier Transform Infrared Spectroscopy (FTIR) Analysis of Historic Paper 
Documents as a Preliminary Step for Chemometrical Analysis119, several examples of FTIR spectra 
selected from the IR database are presented. Examples of the collection of historical papers of the 
laboratory of the Department of History and Protection of Cultural Heritage, University of Udine were 
selected. The results are presented according to typical peaks in the spectrum in the three most 
prominent groups by time period.  Samples from the period from 1100 to 1300 are defined as papers 
from cloth residues with starch as a coating and were detected according to characteristic bands at 
999cm-1 in the area characteristic of cellulose. Samples of the period from 1400 to 1700 are defined as 
papers from cloth residues with gelatin as a coating and show typical amide bands I and II at about 
1640 and 1550cm-1 while the presence of alum cannot be detected by FTIR.  Samples from the period 
1800 - 1960 contain wood pulp coated with rosin and alum that FTIR does not recognize, while wood 
pulp can be characterized by lignin absorption at 1730 (oxidized group), 1590 (generally attributed to 
carbonates), 1505 (lignin marker), 1237 (broad CO binding band) and 808cm-1 (typical of 
hemicellulose). 1237cm-1 absorption band provides identification for hardwood and softwood pulp, 
while lignin band at 1505cm-1 increases with aging.  Calcium carbonate as a filler shows a strong 
absorption band at about 1415 and 874cm-1. The clay is visible with a characteristic double peak at 
3690 and 3620cm-1 along with a sharp peak at 1000 and 910cm-1. Gypsum (CaSO4x2H2O) shows a 
typical wavy pattern on the OH group (3700-3000cm-1) along with a small but sharp peak at 1620cm-1 
and an increase in cellulose band at 1110cm-1. FTIR-ATR analyses, it is stated in the conclusion, show a 
rough classification of paper materials by examining infrared bands not masked by cellulose 
components.  
In addition to detecting basic components, the FTIR technique has been used by some researchers to 
recognize gelatin in paper. FTIR microscopy research to measure the distribution of gelatin on paper is 
described in detail in an article entitled FTIR techniques applied to the detection of gelatin in paper 
artifacts: from macroscopic to microscopic approach120 Laboratory papers were coated with different 
types of gelatin covered in resin and cut into thin slices. Mapping techniques made it possible to 
compare the penetration of different types of gelatin. The degradation of gelatin is not well known 
because it is difficult to detect in its original amount. Optical measurements show significant yellowing 
on gelatin papers that have been under artificial aging. FTIR is often used for protein analyses. In this 
paper, the possibility provided by FTIR to measure the distribution of gelatin on paper is examine. The 
samples contained different types of gelatin in the coating and were first tested in ATR mode121. Two 
types of gelatin were used, fish skin N-type (less viscous) and beef bone K-type (more viscous) melted 
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at 40°C ± 0.5°C at a concentration of 0.25% - 6% and the samples were cut at a thickness of 5µm. ATR-
FTIR measurements showed that the coating was separated from the paper in different ways in the 
two types of gelatin. Thus, the N-type is less present on the surface of the paper than the K-type. Also, 
it was concluded that the N-type penetrates deeper into the paper than the K-type, which indicates 
different liquid properties at the same concentrations. FTIR microscopy measurements indicate that 
the coating penetrates deeper between the fibers but not into the fibers themselves. The signal of the 
3% solution of N-type gelatin clearly overlaps over the cellulose signal suggesting that the gelatin is 
evenly distributed throughout the paper thickness. In contrast, a 3% solution of K-type gelatin signal 
indicates that the gelatin remained in the layer on the surface of the paper as a surface deposit. Finally, 
this thesis presents the advantages and disadvantages of ATR-FTIR spectroscopy. Thus, it is stated that 
this method can be a qualitative test for proving the presence of gelatin in the paper and cannot be 
considered as a quantitative method for detecting the gelatin content, which depends on the 
distribution of gelatin in the paper. FTIR cross-section mapping provides some qualitative information 
for smoothness and non-smoothness for the distribution of gelatin in paper thickness.  
Of special interest are two articles by the same authors written three years apart that discuss FTIR and 
Raman spectroscopy on historical and modern papers as well as writing material. These are articles 
entitled Ancient and Modern Paper Characterization by FTIR and micro-Raman Spectroscopy (2011)122 
and Characterization of Writing Materials of Books of Great Historical-Artistic Value by FTIR and micro-
Raman Spectroscopy (2014)123. Research was conducted on the same devices and aimed to study the 
degradation processes of cellulose in paper and the comparison of historical and modern papers 
(article from 2011) and the identification and characterization of writing materials (article 2014). The 
first article on cellulose degradation explains the degradation process itself in order to select the most 
appropriate restoration procedure. Paper samples from unprinted parts from 14 books from the period 
1934 - 2009 were used. The results are summarized in a table where the wavelengths are listed on one 
side and the vibrational bonds in the molecule are described on the other. The change in intensity of 
FTIR bands can be used to interpret the structural change of the paper. Some of these bands can be 
assigned to one component of the paper, so, for example, 1024 cm-1 is characteristic of cellulose, 998 
and 984 cm-1 suggest the presence of starch, 1650 and 1545 cm-1 are characteristic of amide bands I 
and II which indicate the presence of animal gelatin and a band at 1620cm-1 indicates the presence of 
gypsum. The results of different paper samples from different periods were compared with each other 
and with modern papers to reveal the differences between old and new papers as well as the increase 
of degradation processes in old papers. The aging process is related to the presence of acidic products 
that cause hydrolysis and, as a consequence, there is a shortening of the cellulose chain with large 
changes in the crystal structure. Another article discussing the identification and characterization of 
paper and writing materials in four books from the period from the 16th to the 18th centuries. For 
paper characterization, typical peaks for calcium stearate124 at 2835 and 1541cm-1 are visible, followed 
by the proven presence of gypsum with peaks at 661 and 595cm-1.  The most interesting peaks were 
observed at frequencies of 1425 and 1316 cm-1 and two smaller ones at 1335 and 1370 cm-1, and these 
 
122 LIBRANDO, V. and MINNITI, Z. Ancient and modern paper characterization by FTIR and micro-Raman 
spectroscopy. Conservation Science in Cultural Heritage journal,  2011, Vol 11, pp. 249-268. 
123 LIBRANDO, V. and MINNITI, Z. Characterization of writing materials of books of great historical-artistic value 
by FT-IR and micro-Raman spectroscopy. Conservation Science in Cultural Heritage journal, 2014, Vol. 14, pp. 39-
50. 






bands are very sensitive to the paper aging process. When it comes to ink characterization, the 
following signals were recorded:  When it comes to characterizing the ink, a weak signal of 821cm-1 
was suggested suggesting the presence of iron II-oxide, a strong Raman spectrum signal at 244 cm-1 
typical of Vermont red ink (HgS), and 1350-1380 cm-1 and 1580-1600 cm-1 typical for carbon black and 
1474 cm-1 typical signal for iron gal ink.  FTIR and Raman techniques were used in the work on the 
original papers, and information on the composition of the paper, the state of damage, and the types 
of ink were obtained. The data were compared with each other as well as with modern papers to see 
the differences. The analysis showed that paper additions are more prevalent in modern papers than 
in the old ones. Also, the amount of amorphous parts of cellulose is smaller in old papers as opposed 
to the modern ones, from which it may be concluded that older papers are of better quality. Since 
older paper is obtained from old rag residues or long cellulose chains, they are more resistant to 
external influences and can react better to degrading processes.  
The authors in two articles dealing with research on inorganic elements in paper or additives in paper 
used similar methods of working with SEM and XRF devices and obtained interesting results. Research 
conducted on Italian paper has been published under the title Investigation of the Composition of 
Historical and Modern Italian Papers by Energy Dispersive X-ray Fluorescence (EDXRF), X-ray 
Diffraction (XRD), and Scanning Electron Microscopy Energy Dispersive Spectrometry (SEM-EDS)125 
and, on the pages of a Spanish book from 1588, entitled An Infrared, SEM And XRF study Of The Paper 
OFA 1588 Spanish Book126. In the work on Italian papers from the period from the 17th to the 20th 
century, samples of drawing, writing, printing, and blotting papers were analyzed. The EDXRF 
technique in combination with XRD and SEM-EDS makes it possible to detect fillers in paper such as 
calcium, gypsum, kaolinite, talc and magnesium. The EDXRF spectroscopy method provides the 
possibility of qualitative and quantitative analysis of the elements in the sample as a supplement to 
EDS. SEM is an important method in studying paper morphology and XRD is an experimental technique 
for identifying and the degree of crystal structure that can be associated with the degree of 
degradation. The paper is based on research of inorganic elements in paper. The authors present the 
obtained results in the discussion, so a high concentration of potassium (K), calcium (Ca) and iron (Fe) 
as well as traces of copper (Cu), zinc (Zn) and lead (Pb) were recorded. It was concluded that calcium 
could come from water, gelatin or other additives, potassium from rag residue, iron was recorded in 
higher concentrations in printed papers while copper and zinc are assumed to come from the 
production process. The presence of kaolinite, calcite and talc was observed in XRD. Fillers whose 
chemical composition is based on calcium have been identified by XRD and SEM-EDS. The combined 
results from the EDXRF, XRD and EDS techniques show that the dominant filler mineral in most papers 
contained calcite and kaolinite, and, from the conclusion, it can be seen that they are found in very 
small quantities in historical papers. In the Spanish book from the 16th century, the authors already 
point out in the introductory part that the first results showed the contamination of the paper with 
metal elements. The results of XRF and SEM-EDS are shown in two comparative tables and coincide in 
most elements. The results are also shown in SEM mapping with images showing the distribution of 
the elements potassium, aluminum, and sulfur, which indicate the presence of alum in paper. Typical 
 
125MANSO, M. [et al.] Investigation of the composition of historical and modern italian papers by energy 
dispersive X-ray fluorescence (EDXRF), X-ray Diffraction (XRD), and scanning electron microscopy energy 
dispersive spectrometry (SEM-EDS). Applied Spectroscopy, 2011, Vol. 65, no. 1, pp. 52-59. 
126GÓMEZ-JERIA, J. S., CLAVIJO, E. and GUTIÉRREZ, S. An infrared, SEM and XRF study of the paper of a 1588 






cellulose bonds are visible from the IR bands. The main conclusion of this study is that all three 
combined analyses provide enough data to obtain an approximate composition of the paper, as well 
as enough data to confirm the presence of gelatin, calcium, and alum in the paper.  
An article entitled Gelatin in Historical Paper Production and as Inhibiting Agent for Iron-Gall Ink 
Corrosion on Paper127 deals with the history of paper production with an emphasis on the tradition of 
gelatin coating and research on re-coating restored paper with manuscripts written in Iron-Gall ink. In 
the beginning, the author of the text explains the terminology related to the term gelatin. So, he 
explains that the terms gelatin and animal glue have been used in parallel throughout history. 
According to the modern definition, the term gelatin means a purified and high-quality soluble form 
of collagen produced from bones and skin. The term gelatin (from Latin Gelare, gelatuse = to freeze) 
originated at the end of the 17th century, in 1685, when the first gelatin factories appeared in Europe 
and when it became more and more popular for cooking, after which it found application in pharmacy, 
photography, etc. Paper mills prepared gelatin themselves until the 19th century (although it could be 
bought in plates at the end of the 17th century) by boiling the bones and skin for 24 hours, after which 
they added various additives, such as alum. The sheet of paper was then passed through a warm 
solution (24° -30°C), and flattened in a press, and then allowed to dry. The purpose of the coating was 
to make the paper hydrophobic to liquid inks and paints. The quality of well-coated papers was 
checked by soundness and the paper had to sound like parchment. Historical sources list a large 
number of additives in the paper: the most important is certainly alum or potassium aluminum sulfate 
(KAl(SO4)x12H2O) later synthetic aluminum sulfate (Al2(SO4)3) then sodium carbonate (Na2CO3) which 
had the purpose of making the adhesive solution more resistant during warmer days, lime water 
(Ca(OH)2) and sodium hydrogen carbonate (NaHCO3) and white and green vitriol (zinc, copper sulfate 
ZnSO4 ,  CuSO4) which was added together with alum and was known to have a negative effect on the 
paper, making the paper yellowish and even brownish. In the experimental part, the author applied 
Iron-Gall ink lines to paper samples with a computer plotter. The coated samples were artificially aged 
in an air chamber at 70°C and 50% relative humidity for 3 days. 3 types of coatings were used: 1% 
gelatin, 1% methylcellulose and highly diluted wheat starch. After the artificial aging procedure, the 
samples were sprayed with reagent (bathophenanthroline) and a change in color and, thus, a migration 
of free iron (II) ions, red complex, was recorded. It was concluded that gelatin causes not only 
mechanical, but also chemical stability on which it was written with Iron-Gall ink, which suggests that 
they can be recommended for re-coating for restored papers on which it was written with Iron-Gall 
ink.  
Another author, M. Missori, discusses gelatin in an article entitled Gelatin sizing and discoloration: A 
comparative study of optical spectra obtained from ancient and artificially aged modern papers128. The 
paper discusses a comparative study of the optical reflection of coated and uncoated artificially aged 
papers and a comparison with data on historical papers. Various aging procedures as well as gelatin 
preparations according to historical recipes were used. Artificially aged gelatin-coated papers showed 
an optical response comparable to historical paper samples, while minor modifications were observed 
 
127KOLBE, G. Gelatine in historical paper production and as inhibiting agent for iron-gall ink corrosion on paper. 
Restaurator, 2004, Vol. 25, Iss. 1, pp. 26-39. 
 
128MISSORI, M., RIGHINI, M. and DUPONT, A. L. Gelatine sizing and discoloration : a comparative study of optical 






on uncoated pure cellulose under the same aging conditions. Measurements made on gelatin film 
confirm that gelatin plays a major role in the discoloration on paper. The spectra of UV/NIR 
spectroscopy are evidently the same and have the same optical properties. The results strongly 
support the hypothesis that gelatin plays a major role in the discoloration of artificially aged papers. It 
is contradictory that, in historical papers with a high content of gelatin, a smaller color change was 
observed, which indicates different kinetics of color change in cellulose and gelatin.  
The article entitled A procedure for identifying cellulose fibers in paper artifacts Differentiating 
between flax, hemp and cotton 129 discusses the identification of different cellulose fibers by a 
combination of analyses under an optical microscope and ATR-FTIR. Samples of historical papers of 
unknown composition and several samples of a known composition were used for comparison. The 
Hertzberg stain and Graff C test spot tests were used for identification, and the fibers were examined 
on an optical microscope. IR spectra were recorded to identify the difference between cellulose fibers 
of flax, hemp, and cotton. Identification is possible in the vibrational part of the spectrum from 4000 - 
550cm-1. In addition to fiber analyses, coatings, and fillers were researched. The method of operation 
of all performed analyses is described, after which the results of morphological analyses are presented, 
as well as spot tests that gave the expected results for cellulose fibers. In addition to the spectrum, a 
large table presents the results of ATR-FTIR analyses of all components in the samples according to 
areas in the spectrum, and the table presents ATR-FTIR standards for three types of cellulose fibers, 
flax, hemp, and cotton separately. In conclusion, it is summarized that the combination of spot test 
analyses and morphological analyses on an optical microscope is good for fiber identification. ATR-FTIR 
is an analysis that has proven itself to be good for identifying coatings and fillers and for distinguishing 
between historical papers and samples of known composition. All of the above analyses proved to be 
a good combination of analytical methods of all components in the paper.  
The book entitled The Universe Between Felt and Wire is interesting. A New Look into the Typology of 
Western Made Paper130 is intended for those who deal with the preservation of objects on paper, 
conservators, and restorers. Through seven chapters, the author leads us through the issues of paper 
research. The book begins with a chapter on the historical development of paper preservation and a 
research plan. It then deals with the types of paper and describes the steps in papermaking; a special 
chapter is devoted to the making of pulp then and now and the analysis of fibers in paper. In addition 
to paper, the book also deals with the analysis of the composition of paper and finding a simpler way 
that respects the conservation and restoration principles in order to reveal the main properties of 
paper. The penultimate chapter discusses analyses to expand the typology of paper which includes 
four main properties: pulp type, coating, surface structure, and paper weight range. The final chapter 
consists of conclusions and suggestions for the potential implementation of analyses for those involved 
in storing collections on paper. The importance of more detailed paper research in the phase of pulp 
formation, especially of wood origin, and its aging is emphasized.  
 
129KOSTADINOVSKA, M., JAKOVLESKA-SPIROVSKA, Z. and TAYLOR, T. A procedure for identifying cellulose fibers 
in paper artifacts Differentiating between flax, hemp and cotton. In The 4th International Virtual Conference on 
Advanced Scientific Results, June, 6. - 10. 201., Zilina : Publishing Institution of the University of Zilina, 2016, pp. 
156-162. 
130 VAN VELZEN, S. T. J. The universe between felt and wire : a new look into the typology of Western made paper. 





An interesting text entitled Characterization of Historical Paper - Possibilities and Limitations131 
discusses the limit of some characteristic research techniques to describe the state of historical papers. 
Several analytical methods applied for the characterization of historical papers and their advantages 
and disadvantages with respect to destructiveness or microdestructiveness are listed. Finally, the 
conclusion states that it is imperative that the data collected be obtained by non-destructive research 
techniques or, in the worst case, by microdestructive ones. Instruments with which measurements and 
research are carried out must be small in order to be transported to the facility where the 
measurements are carried out. Methods must be highly sensitive, simple, relevant, and acceptable. 
Modern methods implemented on paper are listed so the method for determining the degree of 
polymerization is sensitive, chromatography is destructive and expensive while NIR can be a simple, 
fast and relatively accessible analysis.  
  
 
131KOLAR, J., KOLESA, D., DE BRUIN, G. and SUSTAR, V. Characterisation of historical paper - possibilities and 
limitations : paper conservation: decisions & compromises, extended. In Paper Conservation: Decisions & 
Compromises Extended Abstracts presented at the ICOM-CC Graphic Document Working Group Interim Meeting 





2.7. Research and Analysis of Paper Databases and Print Collections  
For the purpose of this research, six types of databases, i.e. 6 types of collected data were examined, 
concerning objects similar to those in Valvasor's print collection. The purpose was to see how much 
paper data is represented in such databases, how much such data can be found in the database, and 
what type of data is being processed.  
Although Valvasor's collection is part of the library, and treated as library material, the sheets reviewed 
are mostly graphical annexes in the books that Valavasor himself is assumed to have printed. As there 
is no similar type of paper sheet database in one collection, the selection of recent databases reviewed 
is focused on those containing the material type similar to the one in the Valvasor collection.  
The type of databases inspected aims at collecting data for a specific purpose - museum, library, 
collecting data on different types of broad-spectrum papers, or watermark databases. The analysis of 
the databases reviewed provided information regarding the intention, specificity, quantity, and data 
sets and, finally, the amount of data on paper as an information-bearer or a print template.  
The analysis of existing databases provided an insight into the awareness of the amount of paper data 
and its correlation with other data in the database.  
The following databases and sets of data have been reviewed and analyzed: 
1. Seven exhibition catalogs of prints from Valvasor's print collection; Department of Prints and 
Drawings at the Croatian Academy of Sciences and Arts  
2. Online databases of 6 major museums holding print collections 
3. The publication: Italian Renaissance Drawings Technical Examination and Analysis, The British 
Museum, 2010  
4. EVTEK’s Paper Identification Database  
5. Bernstein’s watermark database  







2.7.1. Seven Exhibition Catalogs of Prints from Valvasor's Print Collection; Department of Prints and 
Drawings at the Croatian Academy of Sciences and Arts  
An example of an object processed on paper is visible in seven exhibition catalogs of prints and 
drawings from Valvasor's Print Collection at the time (the collection was in the Department of Prints 
and Drawings from 1948 to  1997) when the collection was housed in the Department of Prints and 
Drawings in the then Yugoslav Academy of Sciences and Arts, today’s Croatian Academy of Sciences 
and Arts. The processing of the collection began when the Department of Prints and Drawings started 
to operate formally, led by Stella Ubel, PhD, who became the manager and curator of the Valvasor 
Print Collection in 1952. As early as 1953, the first exhibition of prints by J. Callota, from the Valvasor 
Collection, was opened, thus launching the public activities of the Department of Prints and Drawings. 
During these three decades of hospitality extend to Valvasor's collection, several notable exhibitions132 
have been realized, and, in 1996, at the request of the Archdiocese of Zagreb, it was rejoined with the 
Metropolitan Library. With the introduction of the Department of Prints and Drawings, the inventory 
and art-historical processing of the collection began. Mrs. Renata Gotthardi Škiljan133, in her interview 
for the Informatica Museologica134 magazine, describes how the material contained within the 
Department of Prints and Drawings135 was inventoried. In this interview, Mrs. Gotthardi Škiljan 
 
132List of exhibitions of prints and drawings from Valvasor's print collection: 
An exhibition of J. Callot's etchings from the Valvasor collection: on the occasion of the opening of the 
Department of Prints and Drawings / [foreword compiled and catalog edited by Stella Ubel]. - Zagreb: Yugoslav 
Academy of Sciences and Arts, Institute of Fine Arts, Department VII, 1953 - 33 pp., [31] table containing 
illustrations; 22 cm. 
A. Dürer: A catalog of Woodcuts and Etchings from the Valvasor Collection [catalog compiled by Stella Ubel]. - 
Zagreb: Yugoslav Academy of Sciences and Arts, Institute of Fine Arts, Department VII, 1954 - 48 pp., [15] table 
containing illustrations; 22 cm. 
Dutch and Flemish prints: 16th, 17th, and 18th centuries / Renata Gotthardi; [editor: Krsto Hegedušić]. - Zagreb: 
Yugoslav Academy of Sciences and Arts, Department of Fine Arts, 1960 - 156 pp., [48] page containing tables; 22 
cm. 
The figure of the Virgin in the print of Albrecht Dürer and his copyists and contemporaries from the Valvasor's 
Collection of prints and drawings of the Zagreb Archdiocese: exhibition catalog, Department of Prints and 
Drawings, Zagreb, October 17 - December 12, 1971 / Renata Gotthardi-Škiljan; [editor: Andrija Mohorovičić]. - 
Zagreb: Yugoslav Academy of Sciences and Arts, Department of Prints and Drawings, 1971 - 68 pp., [23] table 
containing illustrations; 22 cm. 
Baroque Theater in the prints of the Valvasor Collection of the Zagreb Archdiocese: In Honor of the Centenary of 
the Croatian Opera: exhibition catalog, Department of Prints and Drawings, Zagreb, December 17, 1971 - January 
9, 1972 / Renata Gotthardi-Škiljan; [editor: Andrija Mohorovičić]. - Zagreb: Yugoslav Academy of Sciences and 
Arts, Department of Prints and Drawings, 1971 - 52 pp., [25] table containing illustrations; 22 cm. 
Martin Schongauer, Lucas van Leyden and their copyists in the prints of the Valvasor collection of the Zagreb 
Archdiocese: exhibition catalog, Department of Prints and Drawings, Zagreb, December 6 -23, 1973 / Renata 
Gotthardi-Škiljan; [editor: Andrija Mohorovičić]. - Zagreb: Yugoslav Academy of Sciences and Arts, Department 
of Prints and Drawings, 1973 - 79 pp., [29] table containing illustrations; 22 cm.  
Justus van der Nypoort: prints and drawings from the Valvasor collection of the Zagreb Archdiocese: exhibition 
catalog, Department of Prints and Drawings, Zagreb, 1972 / Renata Gotthardi-Škiljan; [editor: Andrija 
Mohorovičić]. - Zagreb: Yugoslav Academy of Sciences and Arts, Department of Prints and Drawings, 1972 - 130 
pp., [38] table containing illustrations; 22 cm. 
133The successor of Stella Ubel, PhD, who became the manager of the Department of Prints and Drawings in 1964. 
134DAUTBEGOVIĆ, J. Personal archives of meritorious Museum Professionals : Renata Gotthardi-Škiljan.  
Informatica Museologica, 2011, Vol. 42, no 1-4, pp. 140-147. 
135 J. D. (Jozefina Dautbegović, Head of the Personal Archive of distinguished Curators, Museum Documentation 
Center): Could you recall how to inventory a print sheet? 
R. G. (Renata Gotthardi Škiljan; Head of the Valvazor print Collection of the Zagreb Archdiocese since 1957, Head 





describes when the production of scientific catalogs136 began, alongside providing detailed information 
on works, paper condition, watermarks, etc. One of the more interesting questions was the issue of 
forgeries regarding which Ms. Renata Gotthardi Skiljan explained the importance of watermarks in 
inventorying, identifying, and dating artworks on paper.137 An overview of these scientific exhibition 
catalogs provided an insight into how the collection was processed. Each of the catalogs emphasizes 
that it is made according to the same principles and the same scheme as the scientific catalogs to 
 
whether the author is known or not, and if s/he is, it is simple - you enter who the author is. There must be an 
(author's) card for the author, and there usually is, but it doesn't have to be the case, - as a sculptor or painter, 
and the print artist has it (the artist who prints a display from a matrix). The name of the technique had to be 
written first, and then the measurement would begin. The first thing measured was the plate. The imprint plate 
is visible, the edge of the plate is visible, and the display follows; that is, the subject-matter the print displays and, 
thirdly, the dimensions of the entire sheet. The height and width of everything is always measured - whether it is 
a mug, glass, a print plate or a picture, it does not matter, this principle must always be respected. The 
measurements are done in millimeters. After that, check whether there is a call number. Sometimes you find only 
the initials, other times the complete call number, everything, and you get the label: is it a sculptor, is it an inventor 
(the one who creates the work), is it a painter, is it a pinctor (the painter whose work was the basis for the print 
sheet) - you have the information you can write on the card, all the information you've read, until the end. For 
example, when you come across printed text, a title, you must note whether it is printed in italics and what type 
of letters it is written in. If the text is very long and you do not wish to "study" it in the sense that it will be 
published, write down a couple of opening and closing words which makes it clear that this is such a text. Specify 
whether the call number is above or below the display or below the plate. For example, our masters, Krizman, 
Babić and others, wrote data with pencil or ink under the plate, on the display, and, sometimes, they would place 
the call number on the plate, on the on the display, in the same place. Every detail is important. Let us assume 
there is a whole series of sheets. In that case, each sheet has its own description and is re-measured because 
some paper may have been slightly cut due to a slight reduction in the plate, which is not always the reason. But 
you need to have all the data; the plate on that paper provides it for you. And I have to mention that the 
Department obtained some plates, which, today, Ms. Slavica (my successor) made excellent use of ... We had 
original Kraljević plates. She, in agreement with the printmakers, first had the plates cleaned, of course, and then 
a number of them were imprinted. These are the original plates and the result is an original, but it was imprinted 
without the participation of the author and, therefore, its value is different, i.e., you enter different information 
for such an imprint. But it is the original, as opposed to reproductions that are merely reproductions and nothing 
more. 
136 To the question of Ms. Jozefina Dautbegović: J. D.: Have you ever done any exhibitions? Mrs. Gotthardi Škiljan 
said, among other things: … and then there was one of the first big ones I worked for, in accordance with the 
scientific catalog (Eurocatalog). It was Dutch and Flemish Art from the 15th to the 17th century. It was my first 
major scientific catalog. 
137J. D.: Were there any possibilities of forgery? 
R. G.: Of course. You have, say, a great many copies of Dürer and regarding Callot (I always mention these names 
because people more or less know them, they have heard of them). There is another sign on their copies to which 
a lot less attention was paid in our recent papers, but which was extremely important for old sheets - and that is 
the watermark imprinted on paper. The watermark is of unusual importance. For example, we've recently had a 
beautiful plate in Manhattan, New York (not very recently, I've been retired for a long time...), among other things. 
I had all the information: the call number, technique, the year, and several publishers who had their mark, which 
were also noted. You see one publisher, then another, and you realize that this is actually a rather interesting 
plate whose material reveals that someone worked twice, that someone sold the plate further, and that the new 
publisher put his call number on it. The highlight was when I looked at the watermark - it was a sign of those 
papers, almost 200 years old. Namely, there should have been another mark, but there were the so called three 
crescents, which are a sign of paper mostly used later than the period in which this work was created, than that 
artist operated... In other words, it corresponded a cartographic imprint, i.e., an imprint from an original plate, 
but what we had was imprinted in the 19th century, and the artist operated in the 16th century. These are 





date.138 Each individual object is processed in detail, with the following information on the work: 1 Title 
of the work; 2 Technique; 3 Dimensions (size of panel, display, and sheet); 4 Condition of the print 
(description of the damage on the plate, folds on paper and color stains); 5 Description of paper (color, 
thickness, watermark and its position); 6 Description and drawing of the watermark (if found, the 
watermark is crossed out and accompanied by a legend with its description and the data found); 7 
Damage to the sheet (so-called conservation damage); 8 call number (call number description, letters, 
position); 9 Description of the work; 10 Analysis of the work; 11 Secondary seals, inscriptions, drawings; 
12 Inventory number; 13 Method of acquisition; 14 Literature. 
An exhibition of J. Callot's Etchings from the Valvasor Collection: foreword and catalog compiled by 
Stella Ubel; on the occasion of the opening of the Department of Prints and Drawings - Zagreb: 
Yugoslav Academy of Sciences and Arts, Institute of Fine Arts, Department VII, 1953 - 33 pp., 31 tables 
containing illustrations 
The title is followed by a description of the print, a description of the representation, a description of 
the imprint and its date, the call number, and, where a watermark is found, followed by a description 
of the mark without further information. Finally, there are reproductions with titles of the work and a 
description of the imprint of the plate.  
A. Dürer: A catalog of Woodcuts and Etchings from the Valvasor Collection: catalog compiled by Stella 
Ubel in Zagreb: Yugoslav Academy of Sciences and Arts, Institute of Fine Arts, Department VII, 1954 - 
48 pp., 15 tables containing illustrations. 
Under the individual titles, there is a description of the work and dates with information about the 
plate, the watermark (description, date, and a drawing of the mark). Below is a description of a print 
with all the details found (call number and comparison with other author's works from Valvasor's 
collection). The list of woodcuttings is followed by a section entitled Watermarks on the Dürer Sheets 
from the Collection, which lists 8 of them with a description of the mark, the title of the work on which 
the mark was found, and a mark from the catalog where the watermark was found, with notes on the 
variations in appearance and dimensions. The section is followed by a list of literature used to identify 
watermarks. Finally, there are reproductions of works with titles and techniques.  
Dutch and Flemish prints: 16th, 17th and 18th centuries: catalog compiled by Renata Gotthardi; editor 
Krsto Hegedušić - Zagreb: Yugoslav Academy of Sciences and Arts, Department of Fine Arts, 1960 - 156 
pp., 48 pp. containing tables. 
The introduction of the catalog provides an explanation of how the catalog is conceptualized and 
describes individual passages (techniques, dimensions, print and paper condition, description and 
placement of the watermark, description of sheet damage, description of the work, format analysis, 
discussion attachment, description of secondary records, inventory number, the method of acquisition 
and, finally, the literature). As the current head of the Department of Prints and Drawings Ms. Slavica 
Marković said, her predecessor on that position, Mrs. Gotthardi Škiljan carried over the manner of 
 
138Quote from a catalog GOTTHARDI ŠKILJAN, R. Martin Schongauer, Lucas van Leyden i njihovi kopisti u grafici 
Valvasorove zbirke Nadbiskupije zagrebačke : katalog izložbe, Kabinet grafike, Zagreb, 06.-23. 12. 1973. Zagreb : 






inventorying print sheets taken from the famous gallery Albertina139. In the end, the author would like 
to thank everyone who assisted her in compiling this scientific catalog, including individuals from the 
University Library and its print Collection, the Museum of Arts and Crafts, the Archives of the Yugoslav 
Academy, as well as the renowned expert on watermarks, prof. Vladimir Mošin, PhD. Interestingly, 
Mrs. Gotthardi Škiljan used the knowledge and assistance of the then head of archives at the Historical 
Institute of the Yugoslav Academy, ing. Vera Hršak, when describing sheet damage and doing 
conservation work.   
The figure of the Virgin in the print of Albrecht Dürer, his copyists and contemporaries from the 
Valvasor's Collection of prints and drawings of the Zagreb Archdiocese: exhibition catalog, Department 
of Prints and Drawings, Zagreb, October 17 - December 12, 1971, catalog compiled by Renata 
Gotthardi-Škiljan; editor: Andrija Mohorovičić - Zagreb : Yugoslav Academy of Sciences and Arts, 
Department of Prints and Drawings, 1971 - 68 pp., 23 tables containing illustrations. 
As with the previous catalog, the author provides a detailed description of the scientific catalog below, 
where she describes the descriptions of the sections, enumerates the participants in the creation of 
the catalog, exhibitions as well as sources of information, and, finally, lists the literature used. The 
index of the author, as well as the index of 14 watermarks found and reproduced, are listed below.  
Baroque Theater in the prints of the Valvasor Collection of the Zagreb Archdiocese: In Honor of the 
Centenary of the Croatian Opera: exhibition catalog, Department of Prints and Drawings, Zagreb, 
December 17, 1971 - January 9, 1972, catalog compiled by Renata Gotthardi-Škiljan; editor: Andrija 
Mohorovičić - Zagreb: Yugoslav Academy of Sciences and Arts, Department of Prints and Drawings, 
1971 - 52 pp.; 25 tables containing illustrations. 
In the introduction to the catalog he gives notes on Baroque theater over 3 centuries (16th, 17th and 
18th centuries), its origin and history with a compulsory list of literature. A list of 47 print sheets follow, 
with already standard information on the works, but this time the author presents the used published 
and unpublished literature alongside each work with the inventory number assigned at the 
Department of Prints and Drawings, as well as the inventory number of the Metropolitan Library 
Ljudevit Ivančan. The indexes of 4 authors of print works and the indexes of 7 reproduced watermarks 
are listed at the end of the reproduction of the prints.  
Justus van der Nypoort: prints and drawings from the Valvasor collection of the Zagreb Archdiocese: 
exhibition catalog, Department of Prints and Drawings, Zagreb,1972, catalog compiled by Renata 
Gotthardi-Škiljan; editor: Andrija Mohorovičić - Zagreb: Yugoslav Academy of Sciences and Arts, 
Department of Prints and Drawings, 1972 - 130 pp., 38 tables containing illustrations. 
 
139The Graphic Art Collection of the ALBERTINA Museum founded in 1776 by Duke Albert of Saxe-Teschen, this 
collection now contains over one million drawings and prints from the late Gothic to the present. From 
Michelangelo and Dürer to Rembrandt and Rubens, and from Klimt and Schiele to Picasso on to Richter and 
Lassnig, the ALBERTINA Museum’s collection affords a rich overview of 600 years of art history. Museum is 
housed in the palace of its founder, Archduke Albert Kasimir von Sachsen-Teschen, after whom it was named. 








This catalog provides a detailed list of 90 works by printmaker Justus van der Nypoort. Finally, there is 
a lengthy index of 33 watermarks, 11 of which are described as illegible or indeterminate, allowing 
future researchers to supplement the information found by that time.  
Martin Schongauer, Lucas van Leyden and their copyists in the prints of the Valvasor collection of the 
Zagreb Archdiocese: exhibition catalog, Department of Prints and Drawings, Zagreb, December 6 - 23, 
1973, catalog compiled by Renata Gotthardi-Škiljan; editor: Andrija Mohorovičić - Zagreb: Yugoslav 
Academy of Sciences and Arts, Department of Prints and Drawings, 1973 - 79 pp., 29 tables containing 
illustrations.  
In addition to the standard data on the title of the work, its dimensions, technical descriptions, sheet 
condition and description of the watermark, here the author adds more detailed comparisons with the 
same works in other museums, as well as the dating of the sheets with regard to the watermarks found. 
Finally, there is the index of the authors (two artists and their copyists), the index of reproduced 
watermarks, and the reproduction of works with sequential numbers. 
In 1953, with the first catalog of the newly established Department of Prints and Drawings of the 
Yugoslav Academy of Sciences and Arts, the production of exhibition catalogs based on scientific 
research began, though perhaps modestly at first. The comprehensiveness of these catalogs provides 
an insight into all aspects of print works, from artistic to technical, as well as material. The description 
of the prints, the description of its condition and its account provide the entire picture of the work. 
Such research yields results that often alter dating, attribution, and, occasionally, the authenticity of a 
work. Museums and galleries in other countries were visited and authors and works were researched 
in order to learn how to read all the details found on the prints. The information obtained was 
completed with the advice and assistance of eminent experts, and all collected data was presented in 
a very systematic and detailed manner. Now, such a catalog contains all the information that can help 
not only art historians, but also other professionals working with this type of material. We are primarily 
referring to conservators-restorers, for who this is a collection of valuable and detailed information on 
the condition of the material, damage on the sheets, graphic imprints, and the interventions carried 
out. Examining the material in Valvasor's volumes, one can see the slightly outlined contours of 
watermarks on the back of the documents, which Mrs. Gotthardi Škiljan carefully sketched, and on the 
basis of which the reproductions in the catalogs were probably made. It probably took hours 
researching a mark that is rarely identical to those already researched and published, followed by the 
search for an identical mark, which can take a very long time. This is followed by a conclusion that a 
similar mark is found on one of the sheets bearing a certain date. Once all the information has been 
gathered, a link to the template is made to complete the entirety of the dating and attribution, new 
dilemmas requiring the help of other professionals may arise. I can see all the passion of research that 
leads to new insights in Mrs. Gotthardi Škiljan's catalogs, who worked very hard to collect all of that 
information.   
Describing the damage to the imprints and sheets, as well as describing (but without drawings) the 
watermark began already in the first exhibition catalog of the Exhibition of J. Callota's etchings from 
Valvasor's Collection in 1953. The author of the exhibition and catalog, Stella Ubel PhD, who continued 
working on the catalog of the Exhibition A. Dürer: A catalog of Woodcuts and Etchings from the 
Valvasor Collection in 1954. The contents of the catalog began to become more extensive with more 





Watermark drawings are copied with respect to base lines and thick weft lines; at the end of the 
catalog, there is a list of all recorded watermarks with information regarding the mark number from 
Briquet's Album of Watermarks as well as the 1923 Joseph Meder's catalog 140. J. Meder's catalog, in 
its concept and content, was probably fundamental to the authors of these catalogs, who have 
followed modern scientific developments in their profession.   
The author of the exhibition catalog: Dutch and Flemish prints: 16th, 17th, and 18th centuries from 
1960 was Mrs. Renata Gotthardi Škiljan, who also expanded the catalog with additional information of 
damage on the plate, imprint, and paper. Watermark drawings and descriptions are found on the titles 
and descriptions of the prints, where they are now placed on equal position with other information on 
the print. In this catalog, the literature lists recently issued books on watermarks. The first in a series 
of authors of print works is Lucas Jacobsz Van Leyden and a print entitled Esther before Ahasuerus, 
which shows a way of cataloging works with all the information. Below the authors' names, there is 
some brief biographical information, and, after the title of the print work, in the form of notes of 
general information, the following is stated:  
- Print type, plate dimensions, display dimensions, imprint description, and plate description; 
- The watermark, its position on the paper and description (followed by an outline of the mark 
with lines of the base and weft along with the name of the mark and references in literature 
(the author of the book, mark number, and the dating))141; 
- Damage on the print and paper, and a description of the damage and its position142; 
- call number, position, description, and contents; 
- The art-historical processing with the data researched; 
- Inventory no., image library no., and acquisition information; 
- Literature. 
 
The following two catalogs, The figure of the Virgin in the print of Albrecht Dürer and his copyists and 
contemporaries from the Valvasor's Collection of prints and drawings of the Zagreb Archdiocese and 
the Baroque Theater in the prints of the Valvasor Collection of the Zagreb Archdiocese: In Honor of the 
Centenary of the Croatian Opera were both created in a relatively close period, from the end of 1971 
and the beginning of 1972. Their concept is similar to the previous collection, with the interesting 
additional fact that the head of the conservation laboratory in the Yugoslav Academy of Sciences and 
Arts, Vera Hršak, participated in its creation. Thus, with these two catalogs officially, and with the 
 
140The catalog Durer-Catalog: Ein Handbuch Uber Albrecht Durers Stiche, Radierungen, Holzschnitte, Deren 
Zustande, Ausgaben und Wasserzeichen from 1932, published in Vienna by art historian Joseph Meder, who 
works with the work of Albrecht Dürer, is one of the most important catalogs when discovering this artist. The 
catalog contains descriptions of 294 prints with dimensions in mm, inscriptions, sheet and paper condition, as 
well as watermark descriptions.   
141For the print named Esther before Ahasuerus on page 26 the following information regarding the watermark 
may be found: The Rod of Basel in a well-indented cartouche with a large crown and an illegible pendant below. 
The mark is similar to Heawood no. 1202 (1605) and Tschudi’s no. 220 (approximately 1601, house Heusler) and 
224 (1605, house Heusler). 
142For the print named Esther before Ahasuerus on page 25 the following information regarding the damage may 
be found: Damage: the paper is thinned in multiple places, almost penetrated in several places; the left and 
bottom edges were torn and glued in several places; the horizontal fold in the middle of the print was smoothed; 





following ones as well, a conservator is involved, helping describe the damage and the color of the 
paper.  
In the continuation of the series of exhibitions of prints from the Valvasor collection, already by the 
end of 1972 and the end of 1973, two exhibitions are organized under the titles: Justus van der 
Nypoort: prints and drawings from the Valvasor collection of the Zagreb Archdiocese (1972), and 
Martin Schongauer, Lucas van Leyden and their copyists in the prints of the Valvasor collection of the 
Zagreb Archdiocese (1973). Their catalogs use the same, proven scientific concept that places the data 
on the condition of the material with a detailed description of the damage and the data on watermark 
research into the same set of data, as well as the historical and art-historical one. In these two catalogs, 
the data representations are slightly different, so the data on the print technique now includes the 
data on the dimension of the sheet, and the description of the color of the sheet and the description 
and position of the watermark are combined.  
These catalogs are valuable examples of recognizing the value of paper data in all its aspects, placed 
alongside other scientifically researched data. The watermark, the recognition of the damage on the 
paper and the imprint in all of these examples, has shown that it may be equally paired with other 
data, and often changes the dating data, and sometimes the attribution. Based on the damage found, 
the conserver can provide an estimate of what the object has gone through in its history, and by looking 
at the watermark, s/he can (with appropriate literature) accurately date the paper, provide 
provenance data and, possibly, data on the paper manufacturer. According to the appearance of the 
paper, the conserver can provide information on the fibers and paper accessories used, as well as on 
how the paper was made. The first catalog in this series, with descriptions of the condition of prints 
and paper, dates from 1960, now over 58 years ago, and enters into the category of historical data 
which, in themselves, have value. At the very end of the text describing the concept of the catalog, the 
author states the importance of detailing the data because, in her own words, of the dangers of copies 
and forgeries, as the author, in her limited experience, has dealt with such phenomena as well143. This 
protects the collection from possible copying, theft and similar unforeseen situations, and gives 
importance and value to the work, which is the duty of the curator.  
 
2.7.2. Online Databases of Six Major World Museums  
Many museums, including large ones, have in their holdings collections of prints and drawings 
arranged in so-called print collections.  Although specific, these collections in online databases are 
processed with data just as much as other works in the museum's holdings. For example, online 
databases of print collections or departments with collections of prints and drawings were analyzed in 
6 major world museums: The British Museum, London; Metropolitan Museum, New York; Albertina, 
Vienna; Department of Prints, Berlin; RijksMuseum, Amsterdam; Louvre, Paris. In each of these online 
databases, an attempt was made to find the same prints that all the above museums were supposed 
to have, and, thus, the print chosen was Albrecht Dürer's woodcut The Four Horsemen, made in 
1497/98.  
 
143A quote from the exhibition catalog: Dutch and Flemish prints: 6th, 17th, and 18th centuries (Yugoslav 






The type of data regarding the work that these databases contain was analyzed, as well as whether 
there was information regarding paper condition, damage, and watermark, and how extensive it was 
compared to other information on the print work. Museums may have more detailed information on 
paper in their internal databases, but when large exhibitions are made, this information is often 
included in catalogs.  
 
2.7.2.1. British Museum, London144  
The British Museum is the oldest public museum in the world dedicated to humanity and culture. It 
was founded in 1753 and is located in the British capital, London. Its collections number 8 million 
catalog units (of which approximately 3 million objects in the department of prints and drawings) in 94 
galleries of 75,000 m², and by these parameters, it is one of the largest and richest museums in the 
world. The database is primarily designed to support curatorial and research work, and much of the 
text specializes in the nature and terminology of objects. The database is the result of 35 years of work, 
but, as museum staff themselves say, it is still at an early stage. Every day, the work on the database 
continues to improve the information recorded in it and keep the changes in information up to date. 
The British Museum's online collection provides access to objects in a collection unmatched by other 
museum databases. This innovative database is one of the oldest and most comprehensive online 
search platforms in the world. 
The British Museum has 21 sections in its online database of prints and drawings when each individual 
object on paper is opened (Fig. 15). The sections are as follows:  
- type of object, museum no., title, description author, name of the printer, the author of the 
imprint, school/style, dating, material, technique, dimensions: height, width (mm), inscription, 
curator comments, bibliography, location in the museum (if it is on display in the museum), 
subject-matter, history of exhibitions, subject-matters related to the object (related to a 
specific term), acquisition, name, date of acquisition, section of the museum to which it now 
belongs, register number (matches the museum number) 
Only in the curator's comment section do we find some information regarding the watermark, but not 
the paper (description of the mark and identification information from the book). Other copies of the 
print of the same title mention the watermark and the literature in which it was found.  
There is a notice regarding the conservation and restoration data, as well as scientific research 
activities, that the current version of the online collection no longer displays as part of the site detailing 
the object. This information will be made available again to external users in the future. 
 








Fig. 15 A photo of the museum’s (The British Museum) web-page with information on A. Dürer’s print 
The Four Horsemen145  
 
2.7.2.2. Metropolitan Museum, New York 146  
The Metropolitan Museum of Art (New York) was founded in 1872. On its website (there are 160532 
objects in the Drawings and Prints department), in the Art section under the collection heading, you 
can search by author, type of material, geographical location, date and, department of collection. A 
search by author found A. Dürer and, after that, within his 999 works of prints entitled The Four 
Horsemen. There are 15 sections under information regarding the print (Fig. 16): 
- title, artist (name and surname, year and place of birth and death), dating, print technique 
- sheet and imprint dimensions (in inches and mm), type of artwork, acquisition, access number, 
call numbers, inscriptions, and marks, provenance, history of exhibitions, catalog number, 
recommended literature, art-historical time frame, essays, and time frame, Metropolitan 
Museum publications 
The information provided does not contain any information on paper, watermark, condition of the 
print, etc.  
 
145 Apocalypse. In The British Museum [available online] [cited 24. 2. 2018] Retrieved from: 
<http://www.britishmuseum.org/research/collection_online/collection_object_details.aspx?objectId=1336337
&partId=1&searchText=durer+&page=12>. 








Fig. 16 A photo of the museum’s web-page (The Metropolitan Museum of Art) with information on A. 
Dürer’s print The Four Horsemen147   
 
2.7.2.3. Albertina, Vienna148 
Albertina is one of the largest and most famous print collections in the world, with approximately 
65,000 drawings and over one million prints. Its founder, the Archduke Albert Kasimir von Sachsen-
Teschen, collected a print collection in the 1870s in the castle of Pressburg, in which he resided as 
the governor of the Kingdom of Hungary from 1765 to 1781. Albertina has been located in the 
palace of Archduke Albrecht in Vienna in the same place since 1795 and it was first opened to the 
public in 1822. After Albert's death, the collection and the palace itself came to his heirs - 
Archdukes Karl and, later, Albrecht and Friedrich, who continued to enrich the print collection. 
Since 1919, the collection has been owned by the Republic of Austria, and, in 1920, it merged with 
the collection of prints of the former Imperial Court Library. The collection and the palace in which 
it is housed have been called Albertina since 1921. 
Albertina provides the possibility to search its online collection on the following web-site: 
http://sammlungenonline.albertina.at 
Once the search window is opened (Fig. 17), it is possible to search by author and title. When the 
window with the requested author is opened, everything related to the requested name is opened 
 
147 The Four Horsemen, from The Apocalypse. In the Metropolitan Museum of Art [Available online] [cited 24. 
2. 2018]. Retrieved from: 
<https://www.metmuseum.org/art/collection/search/336215?sortBy=Relevance&amp;ft=The+Four+Horsemen
%2c+from+The+Apocalypse&amp;offset=0&amp;rpp=20&amp;pos=1>. 







as well, and, once the title you want is found, a window with the digitized object and information 
on the work is opened. This consists of 10 basic sections of data with 5 additional sections: 
- artist; name and surname, year and place of birth and death, country/region, title of the work 
(subject of the work), series/cycle, dating, category of the object (print), technique/support, 
dimensions (sheet and plate in mm), inventory number, the website containing the object 
More information is required below, with the following sections:  
- shelfmark/monogram/dating, issue/status from the literature, provenance, catalog 
(information from the catalog), bibliography 
 
Although most of the collection is on paper, there is no paper data, but there may be more information 
in the internal catalog or the inventory book. However, it should not be forgotten that Mrs. Renata 
Gottardi Škiljan learned how to catalog the Department's collection in Albertina. Mrs. Gottardi Škiljan 
probably applied the things she learned in Albertina the most, which, according to what she said in an 
interview with Informatica museologica 42 (1-4) in 2011, she visited it once a year for research, for her 
scientifically processed catalogs of exhibitions. It was then that this information also found its equal 
place in the catalog. 
 
 
Fig. 17 A photo of the museum’s web-page (Albertina) with information on A.Dürer’s print The Four 






149 ALBERTINA collections online. In ALBERTINA Museum [available online]. Last modified 25. 7. 2017. [cited 26. 





2.7.2.4. Department of Prints, Berlin150 
Department of Prints (Kupferstichkabinett) is a museum in Berlin and a part of the Berlin State 
Museums. It is the largest print art museum in Germany, with more than 500,000 prints and about 
110,000 individual works on paper (drawings, pastels, watercolors, oil sketches). Kupferstichkabinett 
was officially founded in 1831, with a collection of drawings and watercolors purchased by Frederick 
William I in 1652. Emphasis is placed on European drawings and printed prints from the Middle Ages 
to the present, as well as illuminated manuscripts, sketches, topographic drawings, and printing plates. 
The web-address of the collection’s online database is: http://www.smb-
digital.de/eMuseumPlus?service=ExternalInterface&module=collection&moduleFunction=highlight&
filterName=filter.collection.highlights.1900 
The Online Database of the Department of Prints in Berlin allows you to search by name, date, and 
title of the work. When the desired name is selected, everything the Department has under that name 
is displayed, and after clicking on the requested work151, a window will open with the following 10 
pieces of data (Fig. 18):  
- title of the work, type of object, author and dating (name and surname, year of birth and 
death), place of origin, type of imprint, dimensions of the sheet and plate in cm, 
identification number, collection/department, owner of the photograph, author of the 
photograph  
The Department of Prints in Berlin provides even less information on the object in its online database 
but provides information regarding the type and color of paper for certain objects (for example, 
whether it is hand-made paper). 
 
Fig. 18 A photo of the museum’s web-page (Kupferstichkabinett) with information on A. Dürer’s print 
The Four Horsemen 152 
 
150 Staatliche Museen zu Berlin [available online] [cited 24. 1. 2018]. Retrieved from: 
<https://www.smb.museum/en/museums-institutions/kupferstichkabinett/home.html>. 
151The Department of Prints and Drawings does not contain Dürer’s print The Four Horsemen, so for the purposes 
of this research the print Melancholy by the same author was used. 








2.7.2.5 RijksMuseum, Amsterdam153  
The Amsterdam National Museum (RijksMuseum) is a Dutch national museum. The museum has an 
art-historical collection in which the most important exhibits are mainly from the so-called Dutch 
Golden Age (17th century). 
The RijksMuseum was founded in The Hague in 1800 as a collection of art by Dutch stathouders (Dutch 
steward of the city). By order of Napoleon III, nephew of Napoleon Bonaparte, the museum was moved 
to the royal palace in 1808 on Dam Square in Amsterdam. 
The print collection in the RijksMuseum is one of the greatest in the world. It consists of more than 
half a million engravings, etchings, woodcuts, lithographs and sheets in other print techniques, dating 
from about 1440 AD to the present: from medieval masters of the Amsterdam school to contemporary 
artists of the 20th century. The collection owes its fame to Rembrandt and other Dutch masters, as 
well as to works by great European and Japanese masters, such as Dürer, Raimondi, Tiepolo, Canaletto, 
Utamaro and Hokusai.  
The museum allows you to search the data of its collection, so it can be searched by author, type of 
object, period, place of origin, material, and technique. After the discovery of A. Dürer’s work, 10 
sections of data appear (Fig. 19).  
The 10 sections with subheadings are sorted in the following order: 
- identification containing subheadings: title, type of object (print), object number, catalog 
reference, labels, inscription / tags, and description, creation: the artist's name, the place the 
work originated from, and the date, material and technique: material and dimensions in mm 
(without any markings as to what the dimensions refer to), Explanation: the origin of the 
print/series is described..., Subject-matter, acquisition and rights with information regarding 
the date of acquisition and copyright, Links to other objects in the museum, Documents from 












Fig. 19 A photo of the museum’s web-page (RijksMuseum) with information on A. Dürer’s print The 
Four Horsemen154 
 
2.7.2.6. Louvre, Paris155   
The Louvre Museum (Musée du Louvre) in Paris is one of the largest and most famous museums in the 
world. The museum building, a former royal palace, is located in the center of Paris, not far from the 
river Seine. Construction of the Louvre Palace began in 1204 and it was remodeled and rebuilt until 
1848. The Louvre was once a castle, and in 1791 it became a museum. The Department of Drawings 
and Prints encompasses works on paper, and 8,600 works originate from the Royal Collection (Cabinet 
du Roi) with 1200 works from the Fillipo Baldinucci Collection. The Department was opened on August 
5, 1797. The collection is organized into three sections: the core of the Cabinet du Roi, 14,000 royal 
copper printing plates and donations by Edmond de Rothschild, which include 40,000 prints, 3,000 
drawings, and 5,000 illustrated books. The museum collections are displayed at the Pavillon de Flore; 
due to the fragility of the paper medium, only a portion of it is displayed at one time. The Department 
of Drawings and Prints encompasses three different institutions: Cabinet des Dessins (drawings), 
Chalcographie (plates) and the Edmond de Rothschild collection (the first imprints). 
The webpage of the museum’s online print database is: http://arts-graphiques.louvre.fr/  
The specialty of the Department of Drawings and Prints is that it carefully keeps the material in storage 
rooms, and that it only takes it out of storage for inspection in the reference room or for exhibitions 
subject to strict borrowing conditions. The maximum duration of an exhibition is up to three months, 
at the illumination of d 50 lux on the surface of the object, temperature of up to 20 °C, relative humidity 
of up to 50%, followed by a rest period of three years. 
 
154 De vier ruiters van de apocalypse. In Rijksmuseum [available online] [cited 24. 2. 2018]. Retrieved from: 
<https://www.rijksmuseum.nl/en/search/objects?p=10&ps=12&f.principalMakers.name.sort=Albrecht+D%c3%
bcrer&st=Objects&ii=10#/RP-P-OB-1378,118>. 






Displaying the base on the print entitled The Scene of the Life of the Virgin: Death of the Virgin by 
author Albrecht Dürer in the following 13 sections (Fig. 20): 
- object and the author’s name (print DURER Albrecht (German School), title/description of 
the subject matter of the work (The Scene of the Life of the Virgin: Death of the Virgin), 
catalog inventory (where it is kept in the museum) Department of Drawings, Collection of 
Drawings and Miniatures, inventory number and place on which it is inscribed (RF 43186.BIS, 
Recto), location of its position: (Collection Degas-Degas), attribution: (Print DURER Albrecht), 
technique (engraving on paper), dimension (height: 00,294m; length: 00,210m), acquisition 
of the work (Family of Fevre (Degas' heirs) - Alberto Martinez (adopted son of Gabriel Fevre) 
Donation of the friend of Musée d'Orsay - gift from a friend of the Musée d'Orsay Musée 
d'Orsay, Advisory Board of the National Museums from March 12, 1992, National Museums 
Art Council of March 18, 1992, order from March 27, 1992, extension from March 30, 1992), 
Last Source (Friends Musée d'Orsay Society), Manner of acquisition: donation, year of 
acquisition: 1992, commentary (This drawing is between the pages of a large folio album 
with a green cover, brown leather, very damaged. The album included drawings RF43004 to 
RF43234), index (Of the collection: Degas, workshop - Fèvre, family - Martinez, Alberto), 
subject-matter: Death of the Virgin, technique: paper engraving, reference inventory 
manuscripts (let.  32, pp. 71) 
 
 
Fig. 20 A photo of the museum’s webpage (Musée du Louvre) with information on A. Dürer entitled 
The Scene of the Life of the Virgin: Death of the Virgi156 
 
An overview of the museum's 6 online databases provided an insight into the amount of data and the 
representation of paper data. The data that the reviewed databases are mainly based on are 
bibliographic data with minimal or without any material data. Some of the bases are easily searchable 
and some are more difficult to search, although a very well-known artist was selected for the search, 
whose works were assumed to be owned by all museums.  
 
156Les collections du département des arts graphiques. In Musée du Louvre [available online] [cited 24. 2. 2018]. 







2.7.3. The Publication: Italian Renaissance Drawings Technical Examination and Analysis, The 
British Museum, 2010157 
This publication is a collection of articles on research and analysis on 50 drawings from the Italian 
Renaissance from the British Museum's Collection of Prints and Drawings and includes works 
presented at the exhibition Italian Renaissance Drawings Fra Angelico to Leonardo held April 22 - July 
25, 2010. The whole project introduced through nine chapters aiming at non-destructive methods to 
find out as much as possible about the technique, the background, the author, and the history of the 
work. The results are summarized in the tables in Appendix No.3, thus creating additional data for the 
database created (and in the form of a report on the Museum's website) in part and based on the 
results of these tests and analyses.  
In order to obtain a complete and unique picture of the works, several groups of analyses and tests 
were carried out: conservation-restoration tests, technical imaging as well as elementary and 
molecular analyses.  
Conservation-restoration studies included careful non-destructive observations of physical and 
material properties from those barely visible to the naked eye, to microscopic details, after which the 
results of the observations and their interpretation are linked to cultural, historical and scientific 
knowledge. The tests consisted of optical analyses under ambient light, oblique illumination, 
transmitted light and microscopic analyses with smaller and larger magnifications. Ambient light 
analysis provided insight into the damage of the paper base, degradation (foxing, stains, etc.) and the 
character of the media (oil techniques, water techniques, powder techniques…). Observations under 
oblique lighting provided information on the surface character of the paper, the identification of the 
media and its characteristics, and any surface damage to the object. The object illuminated by 
transmitted light showed the structure of the paper, the laid and chain lines of the paper mold and, as 
an essential piece of information, the watermark. This could determine the quality of the paper, the 
way the fibers were processed, as well as the hidden information about damage to the medium that 
was not visible to the naked eye. Minor magnifications on the x4 or x10 microscope provide 
information about the details on the surface of the object, such as the character of the medium (shine 
and trace of a metal needle, powdery chalk trace, brush or pencil trace,…), finishing coatings and paper 
finishing (print of felt when pressed, gelatin coating, etc.). Larger magnifications on the microscope 
could provide more detailed information about the nature of the media and how they sit on the surface 
of the paper.  
Technical imaging of the objects provided insight into the condition of the whole object, as opposed 
to conservation-restoration tests. These are the types of non-invasive object imaging: visible-reflected 
imaging, visible-transmitted imaging, visible-macro imaging, IR-reflected imaging, IR-transmitted 
imaging, UV-reflected imaging, UV-induced luminescence imaging. IR (infrared) radiation is reflected, 
absorbed, or transmitted through the surface of an object. It is usually used in imaging tests for 
detecting underdrawings or carbon media (graphite, etc.), but in this case it distinguishes between 
iron-gall ink and carbon media, and then differentiates between a lead and a silver pen. It also provides 
information on the degree of media penetration into the base, which shows the difference in the 
character of different media. UV (ultraviolet) radiation penetrates the object to a lesser extent than 
 
157AMBERS, ED. J., HIGGITT, C. and SAUNDERS, D. Italian Renaisance drawings, techical :  examination and 





IR, but it is ideal for characterizing the outer layers of artworks on paper.  Each imaging technique 
provided useful information on the condition of the object, and the synergy and combination of 
conservation-restoration tests and technical imaging may complement each other.  
Elementary and molecular analyses helped identify material in and on the object, while other visual 
tests provided information about the condition of the object. Thus, XRF and Raman spectroscopy 
provide data on the elementary material composition (XRF) and molecular composition (Raman). In 
XRF technique, an object is exposed to X-radiation, which interacts with the material on the surface of 
the object, causing secondary X-radiation. Secondary X-rays are then collected and processed to 
produce the spectrum. The energies of these X-rays are characteristic of individual elements, so that 
the position of individual peaks in the spectrum is used to identify the elements present. This analysis 
shows the results of the composition of the object's surface layers. Raman spectroscopy provides 
information on the composition of the material or object. The technique depends on light scattering; 
most of the light is reflected unchanged, but a smaller amount reacts with the material, producing 
radiation scattering of different wavelengths, a phenomenon called Raman scattering. The scattered 
light is collected and produces a spectrum; the degree of scattering depends on the chemical bonds 
present in the materials analyzed. The spectra obtained are compared with the reference base of 
known materials.  
For the purpose of this paper, sections of the publication dealing with the paper base and summary 
tables showed the results of the research and analysis (Tables no. 25, 26, 27, 28 and 29) .  
In chapter 4 of Supports and Preparations158, authors Jenny Bescoby and Judith Rayner describe, 
through six chapters, the ways of recording, studying and recording paper data, internal structure and 
external physical characteristics such as fiber arrangement, surface texture, color, watermarks and the 
space between the chain and laid lines of the paper mold. The examination of paper under 
magnification and oblique lighting often reveals details that are difficult to detect by visual 
examination. In this way, information on the condition and history of the drawings, surface damage, 
insect damage or traces of previous repairs and equipment was also obtained. Finally, visual tests with 
transparent lighting provided information on watermarks and other structural features.  
 





To better understand the appearance of the paper, the authors emphasize the factors affecting it: 
color159, texture160 and internal features161.  
Variation in paper quality162. It depends on the quality of the fibers, the type of fibers, the fineness of 
the fibers, the even distribution of the fibers, the mold and the fineness of the weaving of the molds. 
In chapter 8.1 Watermarks163, authors Giovanni Verri and Janet Ambers discover ways to record 
watermarks on paper bearers of the analyzed drawings. So, they state that watermarks are usually 
clearly visible in transmitted light, but also that other methods are suitable for detecting and 
documenting them. For example, when a watermark is covered with a drawing, it is difficult to 
accurately make out the mark. In such cases, IR transmitted illumination may be used. Various forms 
of radiographic imaging can also be useful, such as low-energy X-rays, beta-radiography, and electron 
transmission radiography. These radiographic techniques need direct contact with the drawing 
surface, which is not acceptable for sensitive dry chalk, coal, and pen techniques. In recent research 
by the Faculty of Engineering and the Fraunhofer Institute in Braunschweig, watermarks are explored 
 
159Ibid, pp. 24, in order to produce different types and colors of paper, paper cloths had to be sorted into classes. 
The highest quality white paper could only be produced using the highest quality white linen cloths. Fabriano 
paper had such paper that used both the highest quality cloths and clean water to supply the mills. Only a few 
papers were white in color, while the rest had a yellow/brown color from the fermentation of rags produced 
during pulp processing, which persisted, to some extent, even after rinsing. Although it is difficult to judge the 
color of the paper after 500 years, lighter fibers are seen at certain points of damage below the surface, 
suggesting that the color of the fibers changes over time. 
160Ibid, pp. 24; the papers tested ranged from very thin, fine and smooth to thicker, coarse and uneven textures. 
These physical attributes depended on many factors including not only the quality and processing of the fibers 
but also the skills of the papermakers, as well as the characteristics of the screen-forming molds and the drying 
and pressing process. The highest quality paper has well ground fibers, evenly spaced, and contains less 
impurities, which generally results in a fine, smooth finish. The surface texture significantly affects sheet 
formation, drying and pressing process during paper production. The paper mold leaves an impressive imprint 
of its structure on the surface of the paper through the imprint of the basis and the weft which is sometimes 
visible without transmitted light.  After forming the sheet, the paper is peeled off the mold, placed on the felt, 
and pressed to press to remove excess water, thereby forming a felt imprint. By further processing, the mold 
print does not change (one side of the paper facing the mold is a little rougher) while the other side with the 
print of the felt is smoother, so there is a clear difference between the two sides of the paper, the side of the felt 
and the mold side, which is visible to the naked eye. 
161Ibid, pp.25.; Both the watermark and the laid and chain lines formed on a sheet of paper as fibers are placed 
on the wires of a mold during paper production. These features appear more transparent because the paper on 
that part is a little thinner. Darker shadow zones are also common in early paper, typically found along laid lines, 
but occasionally elsewhere as well. The watermark is usually visible through transmitted light, but it may be 
obstructed by the imprint or trace of the medium, preparation or adhesive layer of fabric or cardboard. At the 
end of the 15th century, Fabriano practiced placing the watermark in the middle of the sheet, which later spread 
to the rest of Italy and Germany. Therefore, by looking at the position of the watermark, it is possible to obtain 
the approximate dimensions of the sheet of paper. Thus, papers in the same series may have the same type of 
mark, but with certain differences. It is often noted on Italian paper that the watermark is found on an additional 
base line, between two warp lines, which are more widely spaced than the others. The appearance of warp and 
weft lines varies quite a bit as does the watermark, which can be an indication of where and when the paper was 
produced. For example, while weft lines appear uniform, it is not uncommon to find darker and brighter zones 
in Italian paper in the 15th century. The thickness of the chain line may be indicative of dating, which, through 
wire weaving technology, proves that in the second half of the 15th century, very fine wire was used in Italy. It 
has been noted that, in Italian paper produced between 1460-1525, the distance between the laid lines ranges 
between 28 and 34mm, as well as a wider gap of 40 to 44mm. 
162 Ibid, pp. 25. 





by thermography with thermal IR cameras. The drawing is placed between the camera and the heat 
source heated to 35-40 °C, which produces the result as a differential of the absorption and re-emission 
of the heat of the material on the drawing. 
Obviously, transmitted techniques require access from both sides of the drawing. If this is not possible, 
reflective illumination may produce results, but it cannot be predicted whether the results will be 
useful.  
At the end of the book, there are summaries of the research results.  
Table no.1 displays information about the author of the drawing, the title of the work with the likely 
date when the work was created, the inventory or register number under which it is kept in the 
museum, and, recorded in the final section, the number of chapters in which the work is mentioned in 
the text of the publication.  
 
Tab.1 Data on drawings with references to the text 
Artist Title (probable date of 
creation) 
Inventory number Referred to in the text 
    
 
Such a table no. 2 was compiled for each individual drawing, accompanied by a photograph of the front 
and the back of the work. On the left side of the table, there are columns with the type of data visible 
on the front, recto, and the back, verso, part. Thus, the technique used to draw the work was recorded, 
as well as the base (paper, parchment…), various observations and specifics in the work. The historical 
evidence section is divided into subheadings: the state of the artwork (where the current condition is 
descriptively described), the type of support (the support found below the original is described), and, 
finally, the time when the conservation-restoration work was carried out.  
Tab. 2 The summary result of visual research 
 Recto  Verso Photograph of the 
front and back Technique   
Bearer   
Notes    
Historical Evidence 
Condition of the 
Artwork 
  





Table no. 3 contains a lot of data that is the result of analytical research conducted on the support and 
on drawing techniques. On the left side of the table, there is basic information about the artist, the 
inventory number of the work and the type of support, and, along with this section, there is a section 
with the title of the work as well as the topics on the front and the back. The following sections contain 





watercolors, and similar colorants) and the last section is filled with data with features of individual 
works as well as the results of the stratigraphic analysis (layer analysis)164.  




















Recto      
Verso      
       
 
Table no. 4 is a kind of legend or terminology dictionary consisting of 3 columns and it starts with a 
column containing the common name with commonly used terms for, for example, pigment names, 
binders, etc., and continues with a chemical name, followed by a chemical formula of the same name 
or term.  
Tab. 4 Chemical definitions of terms used 
Common name Chemical name Chemical formula 
   
 
Table no. 5 provides information on the watermarks found on all 50 works analyzed. The left side of 
the table contains general information about the works, such as the title of the drawing, its author and 
inventory number, followed by the dimensions of the work in cm, then the measured space between 
the chain and laid lines in mm with any additional measurement information. After that, there is 
information on the presence of a watermark with only two words (present or not present), followed 
by a section that provides details of the watermark - its description and information on comparisons 
found in literature.  
Tab. 5 Watermark and the laid and chain lines 




Dimensions  The space 
between the 






     
 
At the end of the publication, there are photographs of watermarks, with the note that this is a natural 
size of the mark, except in one case.  
The publication, through expert texts, presents research on the drawings exhibited at the exhibition. 
The research methods were presented through the researcher's texts and the summary tables 
 
164stratigraphy (Lat. stratum: cover + -graphy), a branch of geology that studies the sedimentary rocks of the 
Earth's crust. The principles of stratigraphy were accepted by archeology as the basis for establishing relative 
chronological relationships. Stratigraphy thus enables temporal sequencing of archaeological findings by 
separating individual cultural layers in the soil. Stratigrafija. Hrvatska enciklopedija, mrežno izdanje. [available 





presented the research results in one place. These tables represent a kind of foundation for creating a 
database, and the data in the table can be compared, which, in turn, creates the conditions for 
measuring statistics.  
This extensive exploration of the Renaissance Drawings from the British Museum's Collection has 
covered a wide range of analyses and yielded plentiful results. The results obtained provided certain 
new information on the works, their creation, and material used. Although art-historical data are less 




2.7.4.  EVTEK’s Paper Identification Database165  
EVTEK - Paper Identification Database is a Finnish database for collecting information for the 
characterization and identification of historical and modern paper. The EVTEK database was made on 
the basis of volunteer work and developed by Istvan Kecskemeti166, while, technically, it was developed 
by the students of the EVTEK University of Applied Sciences (Samli Toivonen, Paavo Pekkanen, and 
Samu Lindholm) under the mentorship of lecturer Aaron Klemetti in collaboration with the EVTEK 
Institute of Technology in Helsinki. The database was created in the fall of 2005 and presented to the 
public at a conference in Riga on December 9, 2005 and has been available to the public since 2006. 
The EVTEK database has an educational purpose in paper restoration, paper history, and paper 
production technology. Potential users include paper conservators and historians, print collectors, 
archive and paper art museums. In conservation education, as well as in conservation and restoration 
strategy, it is essential to identify and categorize paper material so that the method of conservation-
restoration procedure may be developed. In terms of content, it is evident that the base was 
assembled by a paper conserver. 
The purpose of this online database is to collect information for the characterization of historical 
papers and their identification. It may be supplemented by other researchers and it can be used online 
by anyone who needs it.  
There are two categories of database usage: one for visitors and one for partners who have the 
possibility of adding data. Partner users require a code request which can be obtained from the author 
of the Istvan Kecskemeti database. Initially, the author sought new partners to join the database 
network and add new samples, and, so far, the database has data on 451 paper samples.  
In his articles on the database, the author of the database explains that it is possible to identify a sheet 
of paper by documenting the characteristic markings on the paper. There is a noticeable difference 
between handmade paper that leaves typical screen prints on paper and 19th century machine-made 
 
165 Introduction. In EVTEK Paper Identification Database [available online] Last modified 2009 [cited 25. 11. 
2019]. Retrieved from: <http://kronos.narc.fi/paperi/index_en.html>. 
166Istvan Kecskemeti - Paper conserver, Head of the Collections Management (Digitization, Preservation) 
Department of the National Archives of Finland in Helsinki, 2000-2007 Head of the Paper Restoration Department 





paper, when the use of wood as a raw material began. Watermarks rarely appear on modern paper, 
but the characterization of modern industrial paper can be made by analyzing surface characteristics, 
coating materials, pulp type, as well as materials used for sizing, i.e. coating, or paper additives.  
The contents of the paper identification database are divided into the following basic chapters: 
- Basic information (title of the artwork ; owner/collection; number of papers; register number; 
name and surname of the person who entered the data or made the measurements; paper 
type (Arabic paper, handmade rag paper, molded paper, oriental handmade paper, uncoated 
industrial paper, coated industrial paper, transparent paper, other papers); type of paper 
mold, in the drop-down-list there is a selection of types of molds offered; watermark, in the 
drop-down-list there is a selection of types of watermarks offered; dating, there are two 
sections - one is the section " from a year", with a drop-down-list of years, and the other is 
"until the year"; type of pulp, in the drop-down-list there is a selection of types of paper pulps 
offered; manufacturer ( land of manufacture, place of manufacture) ; visual observation; 
measurements; fiber analysis and spot tests; reflexometric analyses; acidity, pH value; 
information on the paper; illustrations 
 
 
The way in which searching the EVTEK database operates is described below. On the search engine 
homepage (Fig. 21), the data for which information is to be found is entered (e.g. handmade paper) 
and, after activating the search key, a new window opens with a table containing the data with the 
papers found.  
The table has seven columns with the following information: number of papers, type of paper, name 
and surname of the person entering the data, country of manufacture, owner/collection, date, 
manufacturer (Fig. 22). In this table, it is possible to click on the number of papers and, in that way, 






Fig. 21 Photograph of the EVTEK database website167 
 
 
Fig. 22 Photograph of the EVTEK database website168 
 
In the table in figure no. 23, there are 55 columns, with another column containing the measured and 
found information, in the following order: - name and surname of the person who entered the data or 
made the measurements; - number of papers; - title of the artwork; owner/collection and its register 
number; paper type (Arabic paper, handmade rag paper, molded paper, oriental handmade paper, 
uncoated industrial paper, coated industrial paper, transparent paper, other papers); type of paper 
mold, distance between the laid lines (mm) and number of chain lines by 1 cm; paper edges; 
watermark, method of making the watermark, classification of watermark/left and classification of 
watermark/right, figure/type of watermark, text in the watermark, position of the watermark, size of 
the watermark; paper color, type of paper pulp, surface structure of paper, observations on the paper, 
original paper dimension, dimension in mm, sheet format, paper grammage, paper thickness in mm, 
fiber flow direction, Hertzberg test for determining the presence of different types of fibers and its 
results, the Lofton-Merrit test, used to determine the presence of unbleached sulfate and sulfite fibers 
in paper and its results, Graff-C-chemical analysis used for general analysis of paper fibers by optical 
microscopy (differently colored fibers detect different types of fibers in paper), morphological 
determination of fibers, kelp as coating, Potassium iodide test for the presence of starch in paper, 
phloroglucinol test for determination of the presence of lignin in paper, surface pH measurement, 
micro surface pH measurement, microextraction for pH measurement, pH pen; dating according to 
technical information, dating according to written information on paper, summary dating; 
manufacturer; land of manufacture; place of manufacture; time of manufacture; context; comparison 
 
167 Entry to database. In EVTEK Paper Identification Database [available online]. Last modified 2009 [cited 25. 
11. 2019]. Retrieved from: <http://kronos.narc.fi/paperi/database/search.php?lang=en_EN> . 
 
168 Entry to database. In EVTEK Paper Identification Database [available online]. Last modified 2009 [cited 25. 







to other papers;  sources, links; final use of paper; photographs, photographs of sheets, watermarks in 
transmitted light with and without scale, photographs of call numbers and inscriptions. 
 
Fig. 23 Photograph of the EVTEK database website169 
 
The advantage of this database is the ability to search the paper according to certain parameters and 
terms, which opens all the papers researched. The database contains many sections and a large 
amount of expert data, which is a great advantage for researchers of different profiles. When search 
results are displayed, the data is mixed, because it is not grouped, so there is confusion as to which 
data set is involved (e.g. from watermark data to color, which is probably the color of the paper170). In 
some sections, it is unclear what is expected of the data, especially (e.g. surface electrode probably 
means pH measured with a pH meter with a surface electrode) unless you are an expert for whom 
such data processing is part of the job. Another detail noticed in the database was that there are 
several spot tests performed with reagents that give a certain color (Hertzberg test, Lofton-Merrit test, 
Graff-C chemical analysis) of fibers and paper that require a certain amount of the sample, suggesting 
that these are destructive methods of analysis171. Although it could be said that the sample size is small, 
it is still a destructive test method, which conservation-restoration ethical principles do not allow. It 
may be necessary to set individual sections as additional and to be used for exceptional circumstances 
when dating or authentication is questionable, so such analyses are necessary.   
 
2.7.5 Bernstein – Memory of the Paper 
The Bernstein project aims to create a European integrated digital environment related to historical 
paper. The project links European watermark databases to provide a comprehensive and meaningful 
 
169Paper number 12. In EVTEK Paper Identification Database [available online]. Last modified 2009 [cited 25. 11. 
2019]. Retrieved from: <http://kronos.narc.fi/paperi/database/result_select.php?id=79#pic>.  
170The author of the database himself, in his text The Novel Tool for Characterizing and Documenting Handmade 
and Modern Papers; Istvan Kecskemeti; XI. IADA Congress Vienna 2007, says that the color of the paper is difficult 
to determine, given the natural aging of organic materials composing the paper.  
171In the same text, Istvan Kecskemeti states that spot tests used to prove the presence of different types of 
fibers in the paper and to measure the pH of paper are, in fact, designed for today's industrial paper production 





source of information on paper. The project is co-funded by the European Union through the 
eContentPlus program. Completed in the period 2006-2009, with the participation of nine teams from 
six countries in Austria, France, Germany, United Kingdom, Italy, and the Netherlands. 
The idea behind the Bernstein project was to consolidate watermark catalogs published in different 
languages (French, English, German, Italian, Spanish, Russian...) and scattered in many publications on 
various topics (e.g. Art history, musicology...). Today, many watermark collections are available to the 
public in various places in the form of digital databases on the Internet, which makes searching and 
retrieving a particular watermark complicated, and Bernstein makes the process simpler and faster. 
However, with the increasing volume of individual digital databases, it is again difficult to find and 
utilize all data sources. 
The result of the Bernstein project is the website: www.memoryofpaper.eu, which provides 
multilingual access to all watermark databases associated with Bernstein.172 The statistical information 
shows approximately 120,000 items in the project's combined databases and it is presented in 
numerical form or using visual diagrams. There are also opportunities to export data by forwarding 
statistics to a mapping tool that can display, for example, the distribution and trade routes of paper, 
and, thus, watermarks.  
The basic idea behind the Bernstein project is to first and foremost create a technical infrastructure 
that provides easy access to paper and watermark information. This portal enables multilingual 
simultaneous search and retrieval of watermarks in a database set. It connects online databases 
implemented in MySQL or MS-Access. 
By opening the Bernstein/Memory of paper’s Home Page, (Fig. 24), it is apparent what the page has to 
offer. There are 5 possible uses of this site: catalog, bibliography, followed by two options for 
downloading software tools, one entitled Expertise, and the other paper study equipment, and, finally, 
paper and watermark links. First, and the richest, is the watermark catalog where you can find the 
watermark you are looking for and the information on the paper it was found on.  
 
Fig. 24 Home Page of the website Bernstein/Memory of paper173   
 
172 Currently, Bernstein can access over 180,000 watermarks from 16 watermark databases (September 2013). 
173 About the Project. In Bernstein : The Memory of Paper [available online] Last modified 27. 5. 2018 [cited 8. 8. 







Watermarks may be searched in three ways: by simple search, advanced search, or the already offered 
list of watermarks (Fig. 25). Simple search allows searching watermarks by any term, while advanced 
search offers more options. Thus, it is possible to search by reference number, watermark height, 
distance between paper mold laid lines, depository, watermark motif, date and location where the 
watermark was used. The simplest search for watermarks is via the menu, where recognizable displays 
of watermarks, grouped into types of motifs, appear after opening.  
 
Fig. 25 A catalog page with a selection of watermark motifs174 
 
Simplified representations of watermark motifs are visible on the right side of the page, while on the 
left side there is an overview of offered motifs where it is possible to open different types of motifs 
with different variations. Along the far left of the page, there are statistics on the number of 
watermarks found in individual databases. Here, generally, the database Wassezeichen-
Informationssystem, abbreviated name WZIS, https://www.wasserzeichen-online.de/wzis/, is among 
the best. It is a project involving 6 German and one Austrian institutions (mainly libraries and archives), 
which after two years of the project, collected a collection of watermarks from the German Museum 
of Books and Writing.  
After selecting a particular watermark, a table opens with the watermarks found and the following 
information: a photograph or sketch of the watermark, the abbreviation of the database in which it 
was found, the number under which the reference number is kept, the motif, the place where it was 
used, the date and the height (Fig. 26). By positioning the cursor on the image, it can be enlarged, and 
clicking on the reference number opens a window with a watermark and detailed information about 
it. Here, it is possible to further connect with the database page where the watermark was found. 
Below is a section with a bibliographic database on paper and its history (created by the German 




174Catalogue.  In Bernstein : The Memory of Paper [available online]. Last modified 27. 5. 2018  [cited 8. 8. 








Fig. 26 A page with a table of the catalog of a particular watermark motif175  
 
The database was expanded with specialized tools for image processing, measurement, authentication 
and document dating, as well as bibliographic, historical and geographical content. In addition, 
Bernstein provides an alternative way to share watermark information with other databases on the 
portal. There are collections of watermarks that are not stored in online databases, but in spreadsheets 
(such as Excel) and/or on local networks that are not available on the Internet. Bernstein offers the 
ability to host this information in a local database on a Bernstein server. The data exported to a 
spreadsheet is converted into a MySQL database Bernstein can search through the gateway.  
The Bernstein project has the ambitious and noble aim of consolidating Europe's watermark paper 
databases, trying to put everything that has been found in Europe in that field on one place. Into 
institutions that have such databases and are willing to participate in such projects. The author of the 
project was able to collect an enviable number of databases and combine them in one place according 
to certain default parameters. It is noticeable that most represented databases are German. It is 
promising that the author of the database states that there were four databases included in the initial 
phase of the project, and now there are sixteen, so it is likely that this number will grow in the future. 
It is also commendable that the information is somewhat uniform and that the IPH (International Paper 
Historians) standard for registering paper with and without watermarks is followed.  
 
2.7.6. IPH International Standard for Registering Paper with and without Watermarks - Version 2.1. 
1(2013)  
International Standard for The Registration of Papers with or without Watermarks Version 2.1.1 
(2013), IPH-International Association of Paper Historians  
IPH is an abbreviation for the International Association of Paper Historians, founded in 1959 which still 
operates today. Since then, the association has organized 33 congresses on the topic of historical 
 
175Catalogue.  In Bernstein : The Memory of Paper [available online]. Last modified 27. 5. 2018  [cited 8. 8. 2018]. 







papers, bringing together experts from various branches and all friends of paper who work with the 
history of paper. The Association coordinates all interests and activities in the field of paper history as 
an international professional association that cooperates with international, regional and local 
organizations. In addition to paper historians, the association also includes archivists and librarians, 
conservers, restorers, art historians, printers and technologists, paper industry and publishing 
associations, and paper-related craftsmen. Since its inception, the association has published 22 issues 
of the journal in which all authors dealing with the history of paper can publish. 
Since many watermark collections used their own standards for registering watermarks, there was a 
discrepancy in the data. IPH has identified the issue and put together a standard that directs future 
collectors of such collections to unify their data. The first such watermark documenting/registration 
standard, version 1.0, was released in 1992, while updated and more contemporary version 2.0 was 
released in 1997. With the development of personal computers and a keen interest in analyzing 
historical paper worldwide, as well as a high demand for more accurate results, it has required revision 
of old versions of the standard. Today, the current version is the revised version 2.1.1 from 2013.  
The IPH Registration Standard ensures the registration of all historical and contemporary paper and 
paper items, with or without watermarks. Therefore, certain criteria were defined that apply only to 
individual types of paper. 
The IPH registration standard is also the technical standard of standardized and defined criteria and 
different types of paper or watermarks, which determine their name and specification in the most 
important languages 176 to ensure international compatibility of paper data. 
In case there are only a few incomplete pieces of information, the comparability of paper data is 
ensured. For basic registration, the standard prescribes only paper identification data and 
corresponding data files, which minimizes registration time. 
The primary function of the standard is to identify the paper. Historians, archivists, librarians, art 
historians, even criminologists use paper history data, especially watermark analysis, to identify and 
date papers integral to documents, books, manuscripts, prints, designs, maps, etc. Identification of this 
kind is only possible if paper registration is conducted everywhere by the same criteria and as 
comprehensively as possible. 
Compared to previous versions (1.0/1992 and 2.0/1997), version 2.1.1/2013 (Fig. 27) offers more 
precise selection options and contains the criteria required to register paper even from the Far East 
and Arab countries without watermarks, as well as the full illustrated index of types and subtypes of 
watermarks. 
Basic conditions on which the standard is based: 
- the watermark is a mark that appears on sheets of paper, where there is a difference in paper 
thickness, regardless of how it is produced, or the type of paper or the method of making the 
 
176 Currently, IPH paper registration standards can be found at http://www.paperhistory.org/Standards/ in 6 






watermark (wires on a mold, imprint on a damp or dry sheet of paper, manual or machine-made 
paper). 
- In the case of handmade paper, the watermark provides information on the chronological order of 
sheet production, primarily by comparing small differences between individual watermarks. Together 
with known dates of use or production, this results in dating differences which may be used to reach 
other conclusions. 
- In order to prepare such differences, it is necessary to record every watermark, including technical 
data and information on its use, as comprehensively as possible. 
- A single sheet of paper is the starting point of each registration. Its data leads to conclusions regarding 
the basic production unit, molds. 
- All data not collected on a complete sheet or a half-sheet must be mentioned as "fragments", even if 
the sheet (e.g. in a book) can be reconstructed. The descriptions of the original molds must be stored 
in a separate file. 
A great help in preparing such a register is to determine the position of the mark in a pair of molds 
used for handmade paper and to change the frame or dandy roll177 or molettes178 for machine-made 
paper. Distinct differences between watermarks of one or two molds/molds generally come from 
defects in the profile of wires, mold caps or machine wires or the dandy roll as a result of continuous 
wear during production. 
- A brief description of the object is mandatory, as well as a bibliographic and codicological description 
of the object, as complete as possible, and the recommendation is to keep it in a separate data file. 
-The more complete the registration of the sheet data, the higher the value for comparison to similar 
sheets.  
1.3 Basic data sets that IPH uses to register sheets of paper:  
1. Paper Sheet Information - Contains 32 types of data recommended by IPH for registration, 
eight of which are marked with an asterisk (*) and are recommended by the IPH as 
mandatory information. 
2. Watermark information - contains 14 types of data, 7 of which are marked with an asterisk 
(*) and are recommended by the IPH as mandatory data. 
3. Paper Mold information- Contains 9 types of data, 4 of which are marked with an asterisk 
(*) and are recommended by the IPH as mandatory information. 
4.  Bibliographic/codicological information - Contains 12 types of data, 5 of which are marked 
with an asterisk (*) and are recommended by the IPH as mandatory information. 
5. Paper Mill information- Contains 4 types of data, none of which are marked with an 
asterisk. 
 
177 Dandy roll is a way of imprinting a pattern on paper and a watermark using a metal roller, and the invention 
is attributed to Johan Marshall in 1826, who was a member of the T.J. Marshall family firm that was engaged in 
paper mold making. Papermaking: The History and Technique of Ancient Craft: Dard Hunter; Dover Publications, 
New York, 1974. 





6. Papermaker information - contains 4 types of data, none of which are marked with an 
asterisk. 
7. Additional criteria for registering Far Eastern and Arabian paper without a watermark - 
contains 15 types of data, none of which are marked with an asterisk. 
8. Watermark or sheet information and reproduction - contains 11 types of data, 2 of which 
are marked with an asterisk (*). 
All types of data, due to international understanding, have their codes in four capital letters. These 
letters are mostly English abbreviations of a particular type of information. For example, FUNC 
(function) refers to a data set representing the type of paper for which the paper was used. Under this 
code (FUNC) there are 11 sub codes (e.g. art indicates the papers used by the artists or, for instance, 
dec indicates decorative papers) that have two to four underlined letters indicating the type of paper. 
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3. EXPERIMENTAL SECTION 
Research, measurement and analysis methods were selected in accordance with the main guidelines 
of the conservation and restoration profession. According to the guidelines, research should be non-
destructive and must not, in both the short and long term, endanger either an object of cultural and 
historical importance or, especially, a protected cultural monument. Work on such objects is 
prescribed by laws, the code of ethics and rules in the field of heritage protection as well as the 
conservation-restoration profession, which has the task of preserving cultural monuments.  
All these are facts and preliminary works that emphasize the importance of the object, i.e. its cultural 
and historical value, which required that they be treated with special care. The conservation and 
restoration profession adopt the same approach to objects as the one prescribed by ECCO's (European 
Confederation of Conservator-Restorers' Organization) code of ethics. ECCO, in Articles 8 and 9179 of 
its code of ethics prescribes the obligation of the conservator-restorer to limit the procedures in his 
work on the object to what is necessary and to use only the equipment, materials, and procedures that 
do not affect future conservation and restoration treatments. This is why the basic guidelines in the 
conservation-restoration profession are non-destructiveness and reversibility.  
If we consider the assumption that, after a period of time, there will be a need for research again and 
that the material will again be exposed to recordings and measurements, there is a possibility that 
mechanical (or even chemical) damage may occur during handling. With the development of science, 
the possibilities of deeper research into the composition of materials are being developed, which 
means that the material is often exposed to possible damage. Such circumstances require careful 
selection of research methods and long-term thinking about the protection of valuable artifacts.  
In order to respect all of the above principles, two approaches to analysis and research were selected: 
non-destructive and destructive. For each approach, groups of papers were selected, for non-
destructive research, papers from the Valvasor collection180 were selected, and for destructive 
 
179ECCO's code of ethics Article 8 The conservator-restorer should consider all aspects of preventive conservation 
before physical work on cultural heritage and should limit the treatment to only that which is necessary. Article 
9 The conservator-restorer should use only the equipment, materials, and procedures which, according to the 
knowledge available at that time, should not interfere, if at all possible, with any future study, treatment, and 
analyses. Also, they should be compatible with cultural heritage materials and should be, as far as possible, as 
easy and completely reversible as possible. 
180 Books from Valvasor's library are a registered cultural monument of the Republic of Croatia under the 
designation RZG 125 and archival material of the Croatian State Archive under Z-2786 and, as such, are subject 
to the Act on the Protection and Preservation of Cultural Property in the Republic of Croatia180. Article 4 of this 
Act explains that the owners and holders of rights to cultural property, as well as other holders of the cultural 
property, are responsible for the protection and preservation of cultural property in accordance with the 
provisions of this Act. Article 5, which deals with the purpose of the protection of cultural property, notes that 
one of the purposes of legal protection is to prevent any action that could directly or indirectly change the 
properties, shape, meaning, and appearance of cultural property and thus jeopardize its value. The obligations 
of the owner of a cultural property are determined by Article 20, where the obligations of the owner of a cultural 
property are determined, in which, in accordance with my work, I would single out two items: to treat the 
cultural property with due care, and to especially preserve and regularly maintain it; as well as to allow 
professional and scientific research, technical and other recordings, as well as the implementation of technical 





research, fragments of papers from the Archives of the Republic of Slovenia and the Croatian State 
Archives.  
Non-destructive analyses allow for minimal, micro-destructive sampling, while the observations that 
boil down to observation and measurement are acceptable. When measuring each individual sheet of 
paper, it is necessary to choose a method and device that is adaptable to the object and not one that 
had to be adapted to the measuring device.  
Destructive research methods require samples for each individual analysis. Different analyses are 
destructive in several ways, from those that completely destroy the samples, to those that are called 
microdestructive and require a small amount of sample, and those that leave permanent damage to 
the sample. The analyses were selected according to the following criteria: small sample size, 
microsampling, and use of samples for several analyses.  
In order to delve into the material and learn more about the composition of the paper, appearance of 
the fibers, chemical and optical properties, analyses of inorganic elements in the sample, microscopic 
analysis, analysis of the sample surface, and analysis of structures and bonds within the material were 
selected. All these analyses are destructive and qualitative, with the aim of gaining insight into the 
composition of the material.  
 
3.1. Description of Measurements by Destructive and Non-Destructive Analyses 
Analyses and research began by recording objects/paper, first in impact light, and then in transmitted 
light. What followed were the analyses of general and chemical properties, and then those of optical 
properties. Spot tests were performed on paper samples as destructive methods to obtain results using 
reagents or tests that cause rapid reactions. Microscopic analyses of the surface of the paper sheets, 
as well as morphological analyses of paper fibers, were conducted. Paper samples were used for the 
following instrumental analyses: SEM-EDS (Scanning Electron Microscopy with Energy Dispersive 
Spectroscopy), XRF (X-ray fluorescence), and FTIR (Fourier-transform infrared spectroscopy).  
Recording Paper Sheets in Impact and Transmitted Light.  
The paper fragments are not in their full format and it is therefore not possible to determine the raw 
format of the paper sheets, while the paper sheets in the Valvasor collection are of a full format, so 
measurements of the dimension were taken on all sheets and the dimensions and orientation of the 
paper mold and watermark were recorded. The sheets of paper were photographed on a rePro table 
in impact light and then in transmitted light by inserting a light sheet under the paper sheets after 
 
has issued a special permit for taking out the following books in my name: Volume VII of Valvasor's print 
collection and Volume III of the Glory of the Duchy of Carniola from the Metropolitan Library of the Archdiocese 
of Zagreb, under ref. no. 2581/2018. The letter states that the materials may be taken out for the purposes of 
laboratory research at the Faculty of Graphic Arts in Zagreb. In particular, the letter notes that it is allowed to 
take out the material with the greatest degree of security for books, quote: which means that, at the end of each 
of these four days, the volumes should be returned to the Metropolitan Library's repository with the guarantee 





which the imprint of the mold and the watermark could be discerned, if present. A diagram with the 
imprint of the mold and watermark is drawn on the transparent foil.  
- Photographs of the sheets were taken in full format in order to identify the content that was printed 
or drawn on the papers as a carrier. The sample was placed on a rePro table for Kaiser Fototechnik RS1 
photography with built-in RB 5004 lighting and a Cannon EOS 200D digital camera attached above the 
sample at a height at which it was possible to see the entire paper sample format.  
- Photographs were taken in transmitted light to identify the watermark and mold lines by inserting a 
light sheet into a book/volume. Light sheet type Slimlight - Leuchtfolie A4 - Set Ser. No. 97/27 was 
inserted under the sheet, which was to be photographed and, after the light was turned on, the lines 
of the mold and the outlines of the watermark could be seen. 
Microscopic Analyses  
The analyses were performed in two ways, by imaging the surface of the paper sheets with a digital 
microscope and by morphological analysis of the fibers on an optical microscope. 
- the imaging of the paper surface was performed with a digital microscope Dino-Lite Pro AMK 412Z-
C200 at a magnification of 50x and 200x and imaging at a magnification of 500x with the model Dino-
Lite AM4013MT5. 
- Microscopic analyses of fibers to identify fiber types in a paper sample and their quantitative 
evaluation were performed on a Micros Austria type MCx500 optical microscope with 4x, 10x, 40x and 
100x lenses and a 10x/22 eyepiece according to the TAPPI standard T 401 os-74 Fiber analysis of paper 
and paperboard. According to the prescribed procedure, the paper sample was immersed in distilled 
water in a test tube, and then the sample thus prepared was heated and boiled for a few minutes. The 
sample was decanted, placed in a test tube, and shaken to fibrillate. Most of the paper samples except 
the two (2D and 3D) were difficult to fibrillate. The samples were left in the distilled water for 24 hours, 
after which the fibrillation procedure was repeated. Then, some samples were successfully fibrillated, 
while certain others were partially fibrillated, and the fibers remained in larger groups. The sample 
was placed on a slide, then dried and covered with a coverslip. After the examination on an optical 
microscope, it was photographed with a Dino-Eye AM7025X-Edge digital USB camera. In a similar way, 
the sample was prepared for the Herzberg stain test181 and the lignin test with Phloroglucinol182, but 
for these tests the sample was dehydrated and a drop of reagent was applied to it, and the resulting 
change was observed under an optical microscope and photographed. 
General Paper Properties  
The thickness of paper, paperboard or card is the distance between two parallel sides of the examined 
sheet of paper. It is determined by measuring with a micrometer according to the standard UNI EN ISO 
534: 2005 Paper and board - Determination of thickness, density and specific volume, by inserting a 
 
181A test used on papers to enhance fiber contrast as well as to detect the presence of several types of fibers. A 
drop of the Hertzberg stain solution will turn most non-lignin containing fibers red. BPG Spot Tests. In Wiki 
[available online]. The AIC (American Institute for Conservation) Last modified 15. 4. 2020 [cited 27. 4. 2020]. 
Retrieved from:  <https://www.conservation-wiki.com/wiki/BPG_Spot_Tests#Adhesives>,   
<https://www.conservation-wiki.com/wiki/BPG_Spot_Tests#Lignin_and_General_Fiber_Content>. 





sample between two parallel metal measuring surfaces. The measurement was performed at 20 
different places on the sample with an electronic hand-held micrometer of technical characteristics, 
measuring range: 0‐ 10 mm and a resolution of 0.001 mm. Device model Enrico Toniolo S.r.l. DGTB001 
Thickness Gauge. 
Chemical Properties of the Paper - Surface pH  
The pH of the paper was measured with a portable pH meter with a surface measurement electrode 
at 5 different places in a drop of water, as prescribed by the TAPPI T529 Surface pH measurement of 
paper standard. Prior to measurement, the device was calibrated in three buffer solutions, acidic pH = 
4.01, neutral pH = 7.00 and alkaline pH = 10.00. After calibration, the measurement procedure was 
carried out in such a way that a drop of redistilled water was dropped on the measured place on the 
paper sample, on which the electrode for surface measurement was then pressed. After a few 
moments, the device showed the result. The measurement was performed on each sheet of paper in 
five places, at the four corners of the sheet and one measurement in the middle. Surface pH 
measurement was taken with a Mettler Toledo Seven2Go Advanced pH meter with an InLab® Surface 
Pro-ISM surface measurement electrode.  
Optical Paper Properties  
Optical properties describe the property of paper in relation to light and color. Paper can absorb, 
transmit, or reflect light rays. When light falls on paper, one part of the light rays is reflected at the 
same angle at which it fell (mirror reflection), and the rest penetrates the paper where it is scatters in 
all directions. The light entering the paper will encounter the complex structure of a network of 
cellulose fibers, filler particles, and air. Light is reflected from the fibers and filler particles, but also 
penetrates the cellulose fibers, where it is absorbed or refracted in another direction. After a series of 
reflections and refractions inside the paper, a certain amount of light reaches the surface of the paper 
- and we perceive this diffusely reflected light as a white matte surface. To describe the optical 
characteristics of paper, three types of measurements were conducted: brightness, opacity, and gloss 
which are completely non-destructive and thus suitable for measurement of historical papers.  
The X-Rite EXact device was used to measure the optical properties, which is also used for 
spectrophotometric and colorimetric measurements on a wide range of different materials, from 
paper to textiles. The measurement of the optical properties of the paper shows the index value for 
the measured area. Three values of the brightness index, whiteness and yellowness, are displayed 
simultaneously. When the Paper Index function is selected, the machine is set at the measuring point 
on the examined paper. The paper sample is then measured, after which the default values are read 
at the measured location. When measuring opacity, the measurement procedure was similar except 
that the measurement was first performed on a black and then on a white standardized base placed 
under the measured paper.  
Brightness 
The measurement of brightness was conducted according to the ISO standard ISO 2470: 1999 Paper, 
board and pulps - Measurement of diffuse blue reflectance factor (ISO brightness). ISO brightness of 





457 nm) from the surface of an opaque paper sample (sheet of paper in a bundle) to the degree of 
reflection of an ideal reflecting body, and it is expressed as a percentage (%). 
Yellowness 
Measurement of yellowness is used to estimate the white and almost white samples, and it is 
expressed as a percentage (%). These samples yield numbers that are associated with a visual 
assessment of yellowness and almost white patterns. The color of the paper gives, with the aid of a 
spectrophotometer, the degree of reflection (i.e., the ratio between the reflection of the paper sample 
and the white standard) of monochromatic light of a narrow wavelength range. The device 
automatically calculates the normalized values of the color X, Y, Z (which represent the surface 
reflection curves for each curve from the spectral diagram of the sensitivity of the eye). 
Opacity  
Opacity measures light impermeability in paper and is expressed as a percentage (%). Opacity is the 
ratio of the degree of reflection of a single sheet of paper above one black base (<0.5% of reflection) 
to the degree of reflection of the same sheet in a bundle (above such a bundle of identical paper that 
light cannot pass through it). The opacity of paper and paperboard is determined according to the ISO 
standard ISO 2471: 1998 Paper and board - Determination of opacity (paper backing) - Diffuse 
reflectance method. Opacity can be affected by the type of fibers, the degree of bleaching, the 
presence of dyes, coatings or fillers. 
Gloss  
The gloss of the paper is determined by projecting a beam of light at a fixed intensity and angle onto 
the surface and measuring the amount of reflected light at an equal but opposite angle. There are 
several different geometries available to measure gloss, each depending on the type of surface being 
measured.  
When light strikes the surface of the paper, the orientation of the reflected light rays (or specular 
reflection) determines the gloss of the paper. Paper that is widely coated or whose surface is highly 
polished will reflect light primarily as parallel rays or all in the same direction. As a result, the surface 
of the paper becomes glossy. The opposite of a glossy surface, a matte surface, is much less polished, 
so the light rays hitting it are reflected in different directions (or even more diffusely) due to small 
surface irregularities. The gloss of the paper is measured with a glossmeter, which compares the 
amount of light reflected from the surface of the paper and the amount of light striking it. 
The gloss of the paper is measured by directing a beam of constant power at an angle of 75 ° to the 
test surface and by monitoring the reflected light. Paper gloss measurement was carried out in 
accordance with ISO 8254-1: 2009 Paper and board - Measurement of specular gloss - Part 1: 75-degree 
gloss with a converging beam, TAPPI method. The measurement was performed on an Elcometer 407 
Statistic Glossmeter  
Spot Tests 
Spot tests are short tests that, under the influence of a reagent, cause changes in the test sample. 





sample, sampled from a paper base such as paper fibers, a surface layer of a record or material, with 
a very small amount of chemical reagent. The characteristic reactions of these reagents help to identify 
the materials present. The second test method is carried out directly on small areas of the paper 
sample for the purpose of elaborating a method of conservation and restoration work and to predict 
the reactions, sensitivity or vulnerability of the base or surface layer of the record. Both test methods 
are destructive or microdestructive and can be performed on paper samples that are not an integral 
part of a cultural property.  
Paper Sheet Absorption Test  
The absorption test was performed according to the TAPPI standard T492 pm-76 Water Absorption of 
Paperboard (Non-Bibulous). It is a method of detecting the time required to absorb water for uncoated 
or lightly coated papers. The procedure was carried out in such a way that a drop of distilled water was 
dropped on a sample from a height of 10 mm from a dropper, after which the time measurement 
began and was expressed in minutes and seconds. The time it takes for the water to be completely 
absorbed into the paper is measured, which can be recognized as the wet stain losing its shine.  
Test to Prove the Presence of Starch  
Starch is proved in paper by adding a solution of potassium iodide iodine in such a way that the solution 
is dropped on a sheet of paper. After a few seconds, a blue color appears if starch is present. The 
solution was prepared by dissolving iodine (0.13 g) in a solution of potassium iodide (2.6 g) in water (5 
ml). The resulting solution is diluted in 100ml of water183.  
Lignin Determination 
The phloroglucinol solution stains wood fibers and other lignin-containing fibers in proportion to the 
amount of lignin. It can be applied on a sheet of paper or on fibers. The coloration can be red or purple 
for wood fibers, while other fibers containing a certain amount of lignin are slightly colored. The 
solution was prepared by dissolving Phloroglucinol (1 g) in a mixture of methanol (50 ml), concentrated 
hydrochloric acid (50 ml) and water (50 ml). The solution should be kept away from light. It slowly 
yellows with age184. 
Herzberg Stain Test 
A test in which the wood fibers are colored blue, while the flax and hemp fibers turn pink or yellowish. 
Preparation of the solution: 1 a solution of zinc chloride 1.80 of specific gravity at 28 ° C produced by 
adding approximately 25 ml of water to 50 g of dry ZnCl2 (joined rods in sealed bottles or crystals); 2 
a solution of 0.25 g of iodine and 5.25 g of potassium iodide in 12.5 ml of water. The mixture of 25 ml 
of the 1st solution and the entire 2nd solution was poured into a test tube and leave it until it is clean 




183BROWNING, B. L. Analysis of paper. New York : Marcel Dekker, 1969/1977, pp. 91 






SEM/EDS (scanning electron microscopy/energy dispersive spectroscopy) is an analytical technique for 
elementary analysis or elementary characterization of a sample. SEM provides high resolution images 
of the surface structure of the sample. The sample is placed inside a vacuum chamber located at the 
bottom of the SEM column. The source of the electrons, located at the top of the column, produces 
electrons that pass through the column and enter the sample. The electron beam is directed and 
focused by a magnet and lens inside the SEM column as it approaches the sample. The beam “scans” 
the sample causing the sample to reflect a part of the electrons, while absorbing some of them. 
Specialized detectors receive these electrons and process the signal into a usable format. The X-ray 
detector, EDS technique, is used to qualitatively determine the elemental composition of the sample 
that is visually identified by SEM. SEM-EDS analyses were conducted on the device Coxem EM30AX 
plus with the possibility of magnification from 20 to 100000x. 
XRF 
The X-ray fluorescence analysis (XRF) is a method for qualitative and quantitative detection of 
inorganic elements in a sample. The XRF principle: the sample is irradiated with a primary X-ray beam 
of known energy. This X-ray excites the atoms of the analyzed material and induces higher energy 
states. When returning to the basic energy state, energy is released, and secondary X-radiation is 
emitted from the material. This radiation, which is also called fluorescent radiation, is characteristic of 
the atoms within the material, and its detection determines which elements are involved (qualitative 
analysis) and to what extent they are represented (quantitative analysis). The samples were analyzed 
by BruXRF spectrometer Artax, manufactured by Bruker. The recording conditions were 50 kV and 700 
µA. The so-called Helium purge was also used during the recording to detect the fluorescence of low 
elements (Na-Si). The anode of the X-ray tube is Rh. The X-ray beam was directed by a 0.6 mm diameter 
pinhole collimator. The Rh and Zr visible in the spectra originate from X-ray tubes and collimators, so 
they are not present in the sample. 
FTIR 
Fourier-transform infrared spectroscopy (FTIR) is based on measuring the absorption or transmission 
of infrared radiation (IR) through a sample, based on which the structure of molecules or molecular 
composition of the observed material is determined. The absorption of IR radiation excites molecular 
vibrations which then vibrate more strongly. Each molecule has characteristic vibrations, which 
depend on the bond strengths and masses of the parts of the molecules that vibrate, so that, based on 
this, it can be determined which functional groups the molecule consists of.  
FT-IR spectra of historical paper samples from 1D to 10D were recorded on an FT-IR spectrometer 
Spectrum GX, I-Series. FT-IR spectrometer Spectrum GX, I-Series (Perkin Elmer, Waltham, MA, USA) 
equipped with an attenuated total reflection (ATR) cell and a diamond crystal (n=2). The operation of 
the apparatus is controlled through Spectrum and Image software for the FT-IR. The IR spectra were 
recorded in the reflection mode over the spectral range 4000–500 cm–1, with the resolution of 4 cm–






3.1.1. Materials for Destructive Analysis 
The paper samples used for the research were intended for destruction because only a fragment of 
the archival document remained and was not intended for storage. The papers are roughly dated and 
cover the period from the 16th to the 19th century. Paper samples differ in color, thickness, the period 
by which the cross-section of different papers from different periods is obtained. Table no. 6 shows 
the selected samples with the sample label shown in all analyses. 
Tab. 6 List of paper samples on which destructive analyses were performed 
Sample 
mark 
Name of samples Origin of samples Date 
1D Valvasor collection, shelf-mark 
M158; paper support for 
graphic collection 
Metropolitan Library 
Archdiocese of Zagreb 
1685; 17. century  
2D ARS; blotting paper Archives of the Republic of 
Slovenia 
1.half of 19. century 
3D HR-HDA, Found Križevci 
County, 1; fragment without 
manuscript 
Croatian State Archives 16.-17. century 
4D HR-HDA, Found Križevci 
County, 2; fragment without 
manuscript 
Croatian State Archives Croatian State 
Archives 
5D HR-HDA, Found Križevci 
County, 3; fragment of letter 
Croatian State Archives 1745; 18. century 
6D ARS, protocol 1763-1781; 
fragment without manuscript 
Archives of the Republic of 
Slovenia 
18. century 
7D ARS, form 1806 (458); form Archives of the Republic of 
Slovenia 
19. century 
8D ARS, 1807; fragment without 
manuscript 
Archives of the Republic of 
Slovenia 
19. century 
9D HR-HDA, Found Križevci 
County, 4; fragment without 
manuscript 
Croatian State Archives 16.-17. century 
10D HR-HDA, Found Križevci 
County, 15; fragment of 
manuscript document 







3.1.2. Materials for Non-Destructive Analysis  
The paper material selected for the research covers the period from 1662 to 1689 from Valvasor's 
collection of the Metropolitan Library of the Archdiocese of Zagreb. The selected sheets were selected 
according to their diversity: in color, thickness, appearance, etc., all with the aim of obtaining a cross-
section of different papers from the same period. A total of 144 sheets (Tab. 7) of paper were analyzed.  
 





Title, date, author Shelf-mark Number 
of 
samples 
1ND Notary of the Kingdom of Dalmatia, Croatia and Slavonia, 
1662, (author of the record Ivan Zakmardi (1600 - 1667), 
Croatian humanist, lawyer, protonotary of the Kingdom 
(1644), deputy ban and king in court affairs), manuscript 
HR-HDA 11, box 
no. 3 
10 
2ND Topographia arcium Lambergianarum id est arces, castella 
et dominia in Carniolia habita possident comites a 
Lamberg; Bagenspergi, Ioannem Weichardvm Valvasor, 
1679, print 
M11650 10  
3ND book sketch for Topographia Archiducatus Carinthiae 
modernae, before 1681, manuscript  
M 198 14 
4ND Topographia Archiducatus Carinthiae modernae, Durch 
Johann Weichard Valvasor, Wagensberg in Krain im iahr 
1681, Zu Laybach, Gedr. Bey Johann Baptista Mayr, print 
M11640 14 
5ND Valvasor's graphic collection, 1685.g., graphics M158 Tomus VII 61 
6ND Topographia Archiducatus Carinthiae antiquae & modernae 
completa: Das ist Vollkommene und gründliche Land – 
Beschreibung des berühmten Erz – Herzogthums Kärndten; 
Nürnberg, In Verlegung Wolfgang Moritz Endters, 1688, 
print 
M11527 10 
7ND Die Ehre dess Hertzogthums Crain; Johann Weichard 
Valvasor, Volume3; Laybach, Zu finden bey W.M. Endter, 









3.2 Results of Analyses and Research on Paper Samples by Destructive Methods  
3.2.1. Photographs of Paper Samples in Impact and Transmitted Light, Watermark  
The paper fragments used for the analyses are of different formats because most of the samples were 
ready for destruction and were treated as an undefined part of the archival material from the Croatian 
State Archives and the Archives of the Republic of Slovenia (Tab. 8).  
Tab. 8 Photographs of samples in impact and transmitted light, schematics of the mold and 
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A comparison of photographs of sheets taken in impact light reveals a difference in sheet color, as well 
as differences in stain color and changes in the paper caused by aging as well as inappropriate 
microclimatic storage and handling conditions. There is a noticeable difference in the color and 
structure of the paper according to the photographs of the sheets taken in transmitted light. 
Irregularities in the structure of the paper are also visible in the form of small accumulations of paper 
pulp and specific fibers. Accumulations of fibers on individual samples were observed along the chain 
lines in the majority of samples, except in 1D, 6D, 8D, and 9D. Specific fibers that are larger than others 
are visible on certain samples in transmitted light, and these are samples 1D, 2D, and 9D. Among the 
photographs, the 10D sample stands out as no mold imprint was found on it, but only a fragment of a 
watermark, and no irregularities or specific fibers were noticed. The dimensions of the mold imprint 
in chain lines range from 22-32mm, while the density of laid lines is from 7/1cm, followed by 8/1cm, 
and those which have the most, up to 9/1cm and 10/1cm. Watermarks were not found in the four 
samples, due to their small size, while the others differed in shape and dimensions.  
 
3.2.2. General and Chemical Properties of Paper Sheets  
From the general and chemical properties of the paper on the historical paper, due to the 
destructiveness and a small number of samples, the methods selected were those that were 
satisfactory and, at the same time, could describe the properties of the selected paper samples. Paper 
thickness and surface pH measurements were selected as methods that could satisfy the sample 







3.2.2.1. Thickness  
Table 16 shows the measured values of paper thickness on samples from 1D to 10D. 
 





1D 0.192 0.014 
2D 0.213 0.018 
3D 0.217 0.019 
4D 0.182 0.012 
5D 0.190 0.021 
6D 0.175 0.015 
7D 0.236 0.016 
8D 0.160 0.012 
9D 0.226 0.018 
10D 0.183 0.009 
 
The measured values (Tab. 9) of paper thickness in six samples ranges from 0.16-0.20mm and the 
other four samples have measured values of thickness greater than 0.20mm. The values of standard 
deviations are very low, 0.009-0.021, which indicates a uniform thickness of the measured samples. 
 
3.2.2.2. pH  
Measuring the pH of historical paper is destructive due to damage caused by the water. After 
measuring and drying the part of the paper on which the measurement was performed, all the stains 
remained on all papers (Fig. 28), indicating the destructiveness of the surface pH measurement method 
on historical paper samples. Figure no. 29 shows a diagram with measured pH values on samples from 
1D to 10D.  
 
Fig. 28 Details with stains on 3D and 10D paper samples after surface pH measurement 
 
The diagram in figure 29 shows that most of the measured values of surface pH in the neutral or slightly 





6 and one of them, namely sample 3D, has a pH value of 5.00. The highest values above 7.00 were 
measured on two samples, namely the pH of the sample 1D = 7.06 and the pH of the sample 6D = 7.16. 
 
Fig. 29 Diagram of measured pH values on paper samples 1D - 10D 
 
The values of standard deviations are very low, which indicates a uniform pH of the measured samples, 
ranging from 0.07-0.55. 
 
3.2.3. Optical Properties  
3.2.3.1. Brightness 
Figure no. 30 shows a diagram with measured brightness values on samples from 1D to 10D.  
 
Fig. 30 Diagram of measured brightness values on paper samples 1D - 10D 
 
The results of the brightness measurements on the ten samples were evenly distributed in the range 











































Tab. 10 Range of measured brightness values on paper samples 
Range of measured brightness 
values 
10-20% 20-30% 30-40% 40-50% 50-60% < 60% 
No. of samples  1 1 2 2 2 2 
 
The lowest value measured was on sample 10D, 18.16%, followed by samples of 2D, 3D, and 9D whose 
brightness values range between 20 and 40%. Values between 40% and 50% were measured on 
samples 4D and 5D while the highest values were measured on samples 7D - 65.32% and 8D - 64.72% 
(Fig. 30). The values of standard deviations are uniform and range from 0.77-1.9, except in the sample 
3D = 4.52; 10D = 6.81, and 8D = 9.56. Samples 3D and 10D stand out because of their dark color, which 
is not uniform on all parts of the sample. Sample 8D yielded interesting different measurement results, 
so the standard deviation is also high. 
 
3.2.3.2. Yellowness 
Figure no. 31 shows a diagram with measured yellowness values on samples 1D - 10D. 
 
Fig. 31 Diagram of measured brightness yellowness on paper samples 1D - 10D 
 
The highest values of yellowness were measured on the sample 10D - 60.55% of a very dark color, 
while the value of yellowness on sample 3D measured 50.87%, and 9D slightly less, about 45% (Fig. 
31). The range between 30 and 40% was measured on three samples: 2D, 4D, and 5D, while the range 
of 20 and 30% was measured on four samples: 1D, 6D, 7D, and 8D (Tab. 11). The yellowness results 
are inversely proportional to the brightness results, which may be observed by comparing the 
diagrams. The values of standard deviations are uniform and range from 0.77-2.3, except in two 



























Tab. 11 Range of measured yellowness values on paper samples 
Range of measured yellowness 
values 
20-30% 30-40% 40-50% 50-60% <60% 
No. of samples 4 3 1 1 1 
 
3.2.3.3. Opacity 
Figure no. 32 shows a diagram with measured yellowness values on samples 1D - 10D. 
 
Fig. 32 Diagram of measured opacity values on paper samples 1D - 10D 
 
The measured opacity values are very high and can be classified into two groups of the range 90-95% 
(Table no. 12) three paper samples, 4D, 6D and 8D to the remaining samples have measured values in 
the range of 95-100% (Figure No.32). The values of the standard deviation are uniform and range from 
1.28-2.95, which indicates that the opacity is the same at all measured locations of the paper samples. 
Tab. 12 Range of measured opacity values on paper samples 
Range of measured opacity values 90-95% 95-100% 




























3.2.3.4. Gloss  
Table no. 13 shows the measured gloss values on samples 1D - 10D. 





1D 1.06 0.22 
2D 0.73 0.05 
3D 0.96 0.08 
4D 1.03 0.13 
5D 1.01 0.19 
6D 1.1 0.00 
7D 1.17 0.26 
8D 1.17 0.13 
9D 1.1 0.16 
10D 1.03 0.41 
The measured gloss values are very low and can be classified into two groups: those from 0-1and those 
ranging from 1 to 1.5. The values of the first group, from 0 to 1, were measured on two samples, 2D 
and 3D (Tab. 14) while the remaining samples were measured in the group with a range of values from 
1 to 1.5. The values of the standard deviation are very low and range from 0.00-0.41, which indicates 
the uniformity of the measured values of gloss 85° on paper samples.  
Tab. 14 Range of measured gloss values on paper samples 
Range of measured gloss values 0- 1 1- 1.5 
No. of samples  2 8 
 
 
3.2.4. Spot Tests  
3.2.4.1. Paper Sheet Absorption Test  
The measurement procedure of paper sheet absorption test is shown in figure no. 33. The method is 






   
Fig. 33 Procedure for measuring paper 
absorption time 




Fig. 35 Diagram of measured paper absorption test values expressed in minutes and seconds from 1D 
- 10D 
Although the standard states that values measured above 2 minutes are not taken into account, time 
was still left to see how long it would take for the water to be absorbed. The procedure was performed 
in the aforementioned way so that the obtained results could be compared. Results (Figure no. 35) 
may be divided into four groups containing two samples which yielded typical values. Thus, the least 
absorbent samples were 5D and 6D, which took between 6 and 7 minutes to absorb a drop of water, 
followed by four samples: 3D, 4D, 9D, and 10D which took about 3 minutes to absorb a drop of water. 
It took about 2 minutes for samples 7D and 8D to absorb water while it took the least time for samples 








































3.2.4.2. Spot Tests for Proving the Presence of Starch and Lignin on Paper Samples  
A test to prove the presence of starch was carried out to see if the paper samples contained starch 
that could have been used as a coating during production.  
The aim of proving the presence of lignin in papers from 16th - 19th ct. was obtaining indications that 
the paper pulp contained fibers with a share of lignin. The test is primarily designed to see if there are 
wood fibers in the paper pulp which contain a high proportion of lignin185.  
Table no. 15 shows the results of the spot tests for proving the presence of starch and lignin on paper 
samples from 1D to 10D.  
Tab. 15 Tests for Proving the Presence of Starch and Lignin on the Samples 
Sample 
mark 
Specimens  Spot Test for proving 
the presence of lignin 
with phlorogluconol * 
Spot Test to Prove the 
Presence of Starch with 
J2/ KJ 
1D 
  +  
2D 
 +++  
3D 
 +  
4D 
 ++  
5D 
 +  
6D 
 +++  
  
 







Specimens  Spot Test for proving 
the presence of lignin 
with phlorogluconol * 
Spot Test to Prove the 
Presence of Starch with 
J2/ KJ 
7D 
 ++  
8D 
 +  
9D 
 +  
10D 
 -  
* display of the amount of colored fibers:  –No colored fibers, + small amount of colored fibers, ++ 
moderate amount of colored fibers, +++ higher amount of colored fibers 
 
The expected results indicating the presence of starch are blue to black. The presence of starch creates 
a red-purple and red color. Slight blue or purple coloration should be neglected. Yellow-brown color is 
a negative result186. 
In the ten samples tested, none matched the expected results. Samples 3D, 5D, 9D, and 10D slightly 
changed color to yellow brown, but this meant a negative result.  
The expected results for proving the presence of lignin in the fibers are dyes of light or deep red or 
magenta color indicating mechanical or semi-mechanical wood cellulose, crude chemical pulp, or other 
fibers such as jute (either raw or partially cooked) and hemp, which may also be colored red. The 
intensity of the red color indicates the amount of lignin. The test area remains colorless to pale yellow 
when there is no or minimal lignin (less than 5%). If the paper has a small amount of lignin fibers, the 
individual fibers turn red and can be seen with the naked eye187. 
The spot test for proving the presence of lignin with phluorogluconol on the tested samples in table 
no. 15 showed a presence of fibers containing lignin. Ten samples showed four categories of results of 
the number of colored fibers in the paper. These are the ones that do not contain colored fibers, those 
 
186BPG Spot Tests. In Wiki [available online]. The AIC (American Institute for Conservation) Last modified 15. 4. 
2020 [cited 27. 4. 2020]. Retrieved from:  <https://www.conservation-
wiki.com/wiki/BPG_Spot_Tests#Adhesives>.  
187BPG Spot Tests. In Wiki [available online]. The AIC (American Institute for Conservation) Last modified 15. 4. 






with a small number of colored fibers, then those with a moderate amount of colored fibers, and, 
finally, samples with a larger amount of colored fibers. In only one sample of paper, 10D, there are no 
colored fibers, then in two samples, 2D and 6D, there is a larger number of colored fibers. Two samples, 
4D and 7D, contain a moderate amount of colored fibers and five samples, 1D, 3D, 5D, 8D, and 9D, 
contain a small number of dyed fibers. It can be concluded that all but one contains colored fibers and 
that majority of samples contain a small number of colored fibers.  
 
3.2.5. SEM-EDS  
Table no. 16 shows images of the paper surface taken by an electron microscope and the results of the 
elements found in the recorded location. The elements found are shown in the diagram and sorted 
according to the number of found elements, while trace elements are listed in parentheses.  
According to the EDS results (Table no. 16), element analysis in most samples the elements O (oxygen), 
C (carbon) and Ca (calcium) were detected, except in samples 3D, 4D, and 9D in which Ca is not visible. 
Of the other trace elements, the elements Si (silicon), Cu (copper), Al (aluminum) and Ni (nickel) were 
detected in most samples. Mg (magnesium) is also visible in traces in five samples, while S (sulfur), Ag 
(silver), and Au (gold) appear in sample 4D, which may represent contamination.  
It can be seen that Ca appears in most samples, except in three:  3D, 4D, and 9D, which may indicate 
that the amount of Ca is so small that the device failed to detect it even in traces at the point of 
measurement. However, as the presence of Ca was recorded in the other seven samples, it can be 
concluded that a calcium-based substance was used as a filler.  
The SEM micrographs show differences between the samples, so in samples 5D, 6D, 8D, and 9D it is 
visible that the spaces between the fibers are filled, while in samples 1D, 3D, 5D, 8D, and 10D, a larger 






Tab. 16 Results of SEM-EDS recording and analysis 
Sample 
mark 











































O, C, Ca,  (Cu, Si, Ni,  





















Table 17 shows the measurement results of XRF analysis of inorganic elements in recorded samples 
1D - 10D. In all samples (Table 24) the read element is only calcium (Ca) except in 4 samples 2D, 3D, 
9D, and 10D where iron (Fe) is read in addition to calcium. The traces show silicon (Si), manganese 
(Mn), sulfur (S) in all samples, potassium (K) visible in seven samples 2D, 3D, 4D, 7D, 8D, 9D, and 10D, 
while aluminum is visible only in 3D. (Al) and copper (Cu) visible in sample 8D. Quantitatively, calcium 
is most present in sample 8D followed by samples 5D and 6D and then 1D then 10D. A moderately 
small amount of calcium XRF was read in the 3D, 4D, 7D, and 9D samples while the least was read in 






Tab. 17 Results of XRF analysis 
Sample 
mark  




Ca (Si, Mn, Fe, S) 
2D 
 
Ca, Fe (K, Si, S) 






















































Ca, Fe, (K, Al, Si, S, Mn) 
4D 
 
Ca, (Fe, K, S, Al, Si, Mn, Cu?) 






























































Ca (K, Si, Mn, Fe) 
6D 
 
Ca (K, Si, Mn, Fe, S) 
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Ca (K, Si, Mn, Fe, S) 
8D 
 
Ca (Fe, Cu, Si, S, K) 























































Ca, Fe (Si, S, K, Mn, Ti) 
10D 
 
Ca, Fe (K, S, Mn, Si) 
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3.2.7. FTIR  
The identification of the characteristic absorption bands was performed by the visual method188 of 
comparing the obtained spectra with the reference spectra of the ones known. According to the 
literature on the composition of historical papers, the expected materials are cellulose stem fibers189, 
gelatin, gypsum, and calcium carbonate190191192. The reference spectra193 of cellulose fibers have very 
similar absorption bands in the fingerprint region and there is very little difference between them. Of 
these three fibers, a small exception is FTIR cotton, which is logical because it is a cellulose, but not a 
stem fiber. The recorded spectra were shifted to vertical axes to allow for a more convenient 
comparison. Microscopic analysis revealed that these are cellulose fibers of flax, hemp and, in a smaller 
part, cotton, which can be identified by comparing the reference spectra of these fibers. In all samples, 
the bands characteristic of said fibers were approximately 1050, 1110, and 1155cm-1, and very 
pronounced, while the less pronounced characteristic area is about 3344cm-1, which is difficult to 
compare due to the overlap with the bands characteristic of gelatin. 
By examining the spectra of the individual samples and comparing them with the reference spectra, it 
can be noticed that cellulose has two dominant regions. One of them is in the fingerprint region with 
one sharp peak, about 1000cm-1, with two smaller ones at about 1050cm-1 and 1100cm-1. The second 
is in the area of stretching single bonds, about 3300cm-1. The most pronounced such spectrum is visible 
on the familiar reference flax sample194, while the spectra of hemp and cotton are very similar. Such 
an arrangement of absorption bands is visible on all recorded samples from, 1D to 10D. The highlighted 
areas are visible on the FTIR spectrum of sample 1D (Fig. 36). 
 
 
188DERRICK M. R., STULIK, D. and LANDRY J. M. Scientific tools for conservation Infrared spectroscopy in 
conservation science. Los Angeles : The Getty Conservation Institute, 1999, pp. 91. 
189ILVESSALO-PFÄFFLI, SISKO M. Fiber atlas identification of papermaking fibers. Berlin : Springer Verlag, 1995, 
pp. 336, 338 
190GORASSINI, A., CALVINI, P. and BALDIN, A. Fourier transform infrared spectroscopy (FTIR) analysis of historic 
paper, documents as a preliminary step for chemometrical analysis. In Multivariate analysis and chemometry for 
cultural heritage and environment,  [available online]. Roma : 2008, [cited 28. 4. 2020] Retrieved from: 
<http://www.cma4ch.org/08/talk-tab.html#Anames>.  
191LIBRANDO, V. and MINNITI, Z. Ancient and modern paper characterization by FTIR and micro-Raman 
spectroscopy. Conservation Science in Cultural Heritage journal,  2011, Vol 11, pp. 249-268. 
192LIBRANDO, V. and MINNITI, Z. Characterization of writing materials of books of great historical-artistic value 
by FT-IR and micro-Raman spectroscopy. Conservation Science in Cultural Heritage journal, 2014, Vol. 14, pp. 39-
50. 
193Spectral Database. In IRUG Infrared & Raman Users Group  [available online] [cited 1.3.2020]. Retrieved 
from:  <http://www.irug.org/search-spectral-database>. 
194 Spectral Database. In IRUG Infrared & Raman Users Group  [available online] [cited 1.3.2020]. Retrieved 






Fig. 36 FTIR of sample 1D, prominent parts of cellulose in the fingerprint region, about 1000cm-1 
(1030 and 1050cm-1) and about 1100cm-1 (1108 and 1160cm-1), and in the area of single bond 
stretching, about 3300cm-1 (3334cm-1). 
 
The spectra of additives (coatings and fillers) in paper such as gelatin, calcium carbonate and gypsum 
overlap with the spectra of cellulose in the fingerprint region, so it is difficult to confirm with certainty 
the presence of individual materials, i.e. their presence can only be assumed. 
The reference spectrum of gelatin has slight peaks in the single bond stretching range 3400 - 3200cm-
1 (N-H stretching band) and 3100-2800cm-1 (C-H stretching). Then, in the area of the double bonds, 
three strong sharp bands are found on the bands around 1640cm-1, 1550cm-1, and 1450cm-1 (amide I, 
amide II and amide III). The presence of gelatin could be confirmed in all samples (Fig. 37). In samples 
1D and 2D, the absorptions of gelatin were slightly lower, which could indicate a lower proportion of 
gelatin in these samples.  












































































Fig. 37 FTIR analysis of sample 6D, the prominent parts of gelatin in the area of single bond 
stretching, C-H stretching, (2918cm-1) and in the area of double bonds, three sharp bands of amide I, 
amide II, and amide III (1645, 1542, and 1451cm-1). 
When looking at the reference spectrum of calcium carbonate, a sharp and strong peak is visible in the 
fingerprint region, around 1400cm-1 and two sharps, but weak, peaks around 800 - 700cm-1. The 
presence of calcium carbonate in these regions can be confirmed in all recorded samples (Fig.38). 
Weaker calcium carbonate peak absorptions were found in two samples, 1D and 2D, which could 
indicate a smaller proportion in these samples.  
 
Fig. 38 FTIR analysis of sample 7D, the prominent parts of calcium carbonate in the fingerprint region, 
a sharp and a strong peak about 1400cm-1 (1424cm-1), and two sharps, but weak, spikes about 800-
700cm-1 (899 and 876cm-1). 




















































































































Gypsum has two dominant sharp peaks in the reference spectrum. One in the fingerprint region and 
the other in the area of asymmetric and symmetric OH single stretching bands, about 3300cm-1. In 
both areas, the peaks overlap with the cellulose peaks, making them difficult to identify. The second 
dominant peak in the gypsum reference spectrum is about 660cm-1 (SO42- bending band) (Fig. 39.). In 
all recorded samples, the absorption at these peaks is around 0.40, while in samples 1D and 2D, it is 
around 0.25. Although these are small absorptions and only in the fingerprint region, it could indicate 
the possibility of gypsum content in the recorded samples.  
 
Fig. 39 FTIR analysis of sample 8D, the only prominent part of the gypsum in the fingerprint region, a 
sharp and weak peak around 660cm-1, SO42- bending band (665cm-1). 
By comparing all recorded FTIR spectra (Fig. 40), It can be concluded that there is a very small 
difference between the samples in the fingerprint region, around 1550 and 1400cm-1 and in the area 
of single bonds stretching at 3100 and 2800cm-1. The fingerprint region around 1050, 1110, and 
1155cm-1 characteristic of cellulose fibers is almost the same in all recorded samples as can be seen in 
Figure no. 41 where the FTIR spectra of three samples (1D, 6D, and 8D) from different periods from 
17th, 18th and 19th ct. According to the same spectrum, it can be seen that the bands overlap only in 
the specified region, while other parts of the spectrum are different, which indicates the difference in 
the share of additives in the paper from the 17th to the 19th centuries. Although the amount of sample 
examined is small (10 samples), it is evident that there is a difference in the proportion of additives 
(Tab. 18), which is confirmed by the research of William Barrow, who in his book 
Permanence/Durability of the Book VII; Physical and Chemical Properties of Book Papers, 1507-1949 , 
who concludes that over time the amount of additives (coatings and fillers) in the paper changes, which 
affects the durability and stability of the paper195.  
 
 
195BARROW, W. Permanence/Durabilityof the BookVII; Physical and chemical properties of book papers, 1507-
1949, Richmond : W. J. Barrow Research Laboratory, 1974, pp. 26. 




































































Fig. 40 FTIR spectra on samples from 1D to 10D 
 






















Fig. 41 FTIR samples sorted by dates 1D (17th century), 6D (18th century) and 8D (19th century)  
 




































































1D wavenumber cm-1 3334 3334 2901 1644 1548   1428 899 666 
absorption 0.487106 0.487106 0.28316 0.189256 0.1113    0.245629 0.221956 0.284106 
2D wavenumber cm-1 3336 3336 2998 1644 
 
  1427 899 663 
absorption 0.417671 0.417671 0.13258 0.175857 
 
  0.184163 0.180346 0.23813 
3D wavenumber cm-1 3331 3331 2901 1644 1553    1427   666 
absorption 0.3851 0.3851 0.2370 0.2987 0.1662    0.2147   0.2070 
4D wavenumber cm-1 3333 3333 2901 1648 1542  1453 1427 899 664 
absorption 0.592279 0.592279 0.4323 0.442475 0.335182  0.370937 0.407123 8.395948 0.41366 
5D wavenumber cm-1 3336 3336 2918 1645 1542  1453 1424 901 665 
absorption 0.524725 0.524725 0.43842 0.494396 0.367731  0.417475 0.461464 0.372337 0.378023 
6D wavenumber cm-1 3333 3333 2918 1645 1542  1451 1424 897 664 
absorption 0.619569 0.619569 0.54663 0.544268 0.444371  0.478566 0.515651 0.468277 0.490185 
7D wavenumber cm-1 3333 3333 2918 1647 1542  1451 1424 899 665 
absorption 0.589161 0.589161 0.47992 0.515166 0.403151  0.409886 0.444439 0.404989 0.436465 
8D wavenumber cm-1 3332 3332 2918 1645 1542  1453 1427 897 665 
absorption 0.550426 0.550426 0.44627 0.43084 0.323826  0.385252 0.42559 0.357793 0.436465 
9D wavenumber cm-1 3336 3336 2919 1647 1563 1542 1455 1423   666 
absorption 0.450735 0.450735 0.33059 0.425902 0.237438 0.26728 0.231947 0.279761   0.300956 
10D wavenumber cm-1 3332 3332 2918 1648 1542 1502 1424 1315 899 665 





The absorptions of individual characteristic peaks of additives (coating and additives) in paper on 
samples from 1D to 10D were compared. It can be concluded that the peak absorptions are slightly 
lower on samples 1D and 2D compared to the other samples.  
 
3.2.8. Microscopic Analyses  
3.2.8.1. Analysis of Paper Surface Appearance with a Digital Microscope 
By photographing the surface of paper sheets with a digital microscope, it is possible to get an insight 
into the appearance of fibers that are visible on the surface using a non-destructive method. Digital 
microscope technology allows large magnifications which provides great possibilities in observing the 
surface of the sheet. It is possible to see irregularities in the paper, the layout of these irregularities, 
as well as the measurements of fiber dimensions or other details. For the purposes of this research, 
micro-photographs of the paper surface at a magnification of 50x then 200x and finally 500x were 
taken. 50x and 200x magnifications were measured with one device while the 500x magnification 
microphotograph of paper surface was taken with another device. On 500x magnification images, it 
was possible to measure the width/thickness of the fibers, which provided insight into the physical 
characteristics of the fibers found on the papers. The length of the fibers could only be measured in 
examples where they were visible at a magnification of 500x.  
Observations have shown some specific fibers that appear to stand out from the majority of white 
fibers. Several types of such fibers have been observed which required for them to be defined. Thus, 
blue, red, light brown, dark brown, and black - brown fibers appear (Tab. 19). By measuring the 
width/thickness of the fibers, it can be concluded that there are two characteristics of fibers, thin and 
thick (Tab. 20). For a better understanding of the frequency of individual characteristic fibers, 
abbreviations are defined to describe these specifications (Tab. 21). 
Tab. 19 Range of Defined Fiber Width Types 
 Fiber characteristic Fiber width/thickness range Abbreviation 
1 THIN FIBER < 0.150mm T 
2 THICK FIBER >0.150mm D 
Tab. 20 Colors of specific fibers 

















Black brown CS 
 
By examining the surface of the sheets of paper with a digital microscope (Tab. 20), information was 





200x, the distribution and type of specific fibers are visible, while under a magnification of 500x it is 
possible to look in more detail at the appearance and sometimes the dimensions of specific fibers that 
stand out among other white fibers. According to the recorded microphotographs, it can be concluded 
that the specific fibers are evenly distributed and that their amount is moderate. Different types of 
specific fibers are visible on the surface of the paper samples. Of the other samples, sample 2D stands 
out, where the largest amount of specific and different fibers is visible. In most samples, thick light 
brown DSSV fibers are visible on the surface in samples 3D, 4D, 6D, and 8D, which could indicate that 
these are straw fibers. Specific thick and long fibers are visible on the surface of the two samples, 1D 
and 9D, while thin fibers are most abundant in samples 5D, 7D, and 10D.  
Tab. 21 Abbreviations for fiber types by color and thickness 






Thin fibers TPV TCV TSSV TTSV TCSV 
Thick fibers DPV DCV DSSV DTSV DCSV 
 
The most recorded characteristic fibers are those that can be classified under the abbreviation thin 
light brown fiber TSSV. It can be described as a fiber less than 0.150mm thick, light brown in color. Blue 
fiber is found in most papers, except in samples 3D, 7D, and 9D and their width/thickness can be 
characterized as a thin fiber. In some places, it is short enough that it was possible to measure the 
length measured in a large range, which is probably the cause of the different way of cutting the fibers.  
The DinoLite digital microscope software allows the length to be measured, so the width/thickness of 
specific fibers was measured on most of the samples. The width/thickness of thick light brown DSSV 
fibers was measured on four samples and the ranges ranged from 0.131–0.268 mm, then thin dark 
brown TTSV fiber on one sample of 0.069 mm. Three examples of thin light brown fibers have a 
width/thickness range of 0.017–0.020mm, and on a thin blue TPV fiber in six examples the 
width/thickness range of 0.012–0.021mm was measured. The width/thickness of the white fibers 
ranges in the slightly larger range of 0.014-0.034mm. 
Tab. 22 Micro-photographs of the paper surface taken with a Dino Lite digital microscope at 50x, 







DinoLite 50x DinoLite 200x DinoLite 500x 
1D 
     
TTSV, W=0.069mm 















   
TTSV, W=0.020mm 
TPV, W=0.021mm 
BV,     W=0.015mm 
3D 
 
   
DSSV, W=0.268mm 
            D= 0.751mm 
BV,     W=0.019mm 
4D 
 





   
TPV, W=0.017mm 
        D= 0.990mm 
BV,     W=0.026mm 
6D 
   
  
DSSV, W=0.131mm 
           W=0.024mm 
BV,     W=0.020mm 
TPV, W=0.012mm 












DinoLite 50x DinoLite 200x DinoLite 500x 
7D 
 
   
TTSV, W=0.020mm 
BV,     W=0.021mm 
8D 
 
   
TPV, W=0.018mm 
BV,     W=0.034mm 




   
DSSV, W=0.155mm 
BV,     W=0.021mm 
           W=0.013mm 
10D 
 
   
TPV, W=0.012mm 
         D= 0.591mm 
BV,     W=0.014mm 
 
 
3.2.8.2. Morphological Analysis of Fibers on an Optical Microscope 
Table 23 shows the fibers found in samples 1D - 10D under 100x magnification, blue fibers in samples 
1D, 2D, 3D, 4D, 5D, and 10D, and the results of spot tests on fibers in samples 1D - 10D Herzberg 








Tab. 23 Longitudinal appearance of paper fibers under an optical microscope, blue fiber, Herzberg 






Blue fiber 100x Herzberg Stain Test 
100x 
Phloroglucinol,  
lignin test 100x  
1D 






    
5D 





































The presence of flax and hemp fibers and, in some cases, cotton can be confirmed in most samples. 
Flax fibers can be identified by the characteristics from the longitudinal image of the fibers (Tab. 24). 
Thus, it can be concluded that part of the fibers in the samples is thin and long, with a narrow lumen, 
and a saber-shaped tip, which is the characteristic appearance of flax fibers196. A part of the fibers is 
wide, with a wider and intermittent lumen, which are the characteristics of hemp fibers197. In addition 
to these fibers, short elements with pits as well as abnormal elements were found in the samples, 
which is mentioned in the literature as one of the cell types from other tissues present in flax and 
hemp198 fibers (Tab. 23). These are not recognizable flax and hemp fibers but are present as 
characteristic elements. In samples 1D, 2D, 3D, 4D, 5D, and 10D, blue colored fibers are visible, which 












196ILVESSALO-PFÄFFLI, SISKO M. Fiber atlas identification of papermaking fibers. Berlin : Springer Verlag, 1995, 
pp. 336. 
197Ibid; pp. 338. 









Example of flax and hemp fibers from 
sample 3D 
 
Reference sample of a cotton fiber 
from the website; CAMEO.199 
Example of a cotton 
blue fiber from 
sample 5D 
Reference sample of 
a flax fiber from the 
website; CAMEO:200 
Reference sample of 
a hemp fiber from 
the website; 
CAMEO.201 
The fibers for identification purposes were subjected to the Herzberg stain test202 and most of them 
were colored in a reddish gray (Tab. 25), color which confirms that they are hemp and flax fibers, which 
is referred to in the literature203 as rag or fibers from old rags204.  
Tab. 25 Samples of reference fibers treated with the Herzberg stain spot test 
   
Reference Samples of flax fibers 
treated with the Herzberg stain 
spot test205 
Reference Samples of hemp fibers 
treated with the Herzberg stain 
spot test206 
Reference Samples of cotton fibers 
treated with the Herzberg stain 
spot test207 
 
1991855-1865, purple cotton dress, cotton dress fabric, lining, hemlining. In Conservation & Art Materials 
Encyclopedia Online  [available online]. Last modified 8. 11. 2017 [cited 4. 4. 2020]. Retrieved from:  
<http://cameo.mfa.org/wiki/1855-1865,_purple_cotton_dress,_cotton_dress_fabric,_lining,_hemlining>. 
2001770-1779, Flax Fibers From Women's Gown Lining. In Conservation & Art Materials Encyclopedia Online 
[available online] Last modified 8. 11. 2017 [cited 4. 4. 2020]. Retrieved from:  <http://cameo.mfa.org/wiki/1770-
1779,_Flax_Fibers_From_Women%27s_Gown_Lining>. 
201FRIL: Hemp. In Conservation & Art Materials Encyclopedia Online  [available online]. Last modified 8. 11. 2017 
[cited 4. 4. 2020]. Retrieved from:  <http://cameo.mfa.org/wiki/Category:FRIL:_Hemp>. 
202The Herzberg stain test is a test used to identify fibers. It is used on papers to enhance the contrast of fibers, 
as well as to detect the presence of several types of fibers. It is prescribed by the TAPPI standard T 401 os-74 for 
paper and paperboard analysis. With a drop of reagent, flax and hemp fibers turn reddish gray.  
203KOSTADINOVSKA, M., JAKOVLESKA-SPIROVSKA, Z. and TAYLOR, T. A procedure for identifying cellulose fibers 
in paper artifacts Differentiating between flax, hemp and cotton. In The 4th International Virtual Conference on 
Advanced Scientific Results, June, 6. - 10. 201., Zilina : Publishing Institution of the University of Zilina, 2016, pp. 
156-162. 
204 BROWNING, B. L. Analysis of paper. New York : Marcel Dekker, 1969/1977, pp. 58 
205Flax. In Oriental Papermaking Fibres [available online]. Last modified 5. 1. 2011 [cited 28. 4. 2020] Retrieved 
from: <http://cultural-conservation.unimelb.edu.au/PapermakingFibres/flax.html>. 
206Hemp. In Oriental Papermaking Fibres [available online]. Last modified 5. 1. 2011 [cited 28. 4. 2020]. Retrieved 
from: <http://cultural-conservation.unimelb.edu.au/PapermakingFibres/hemp.html>. 







In most samples, the phloroglucinol lignin test208 did not stain the fibers except in sample 1D, which 
may have been due to contamination occurring at the time of paper production (17th ct.). The colored 
fiber looks like a wooden strip209 (on which rectangular parenchymal cells can be seen), but according 
to Assoc. dr. sc. Bogoslav Šefc from the Department of Wood Science, Faculty of Forestry, University 
of Zagreb, it is not possible to conclude from the picture which genus it is (conifer, deciduous or maybe 
it a shrub or similar) and more detailed research is needed.  
 
208The phloroglucinol test is a test performed to prove the presence of lignin in a sample and is prescribed by the 
TAPPI standard T 401 os-74 for analysis of paper and paperboard. BROWNING, B.L. Analysis of Paper. 1st and 
2nd eds. New York: Marcel Dekker, Inc., 1969/1977, page 73. 
209The wooden strip is a part of the strips in wood on the inside of the cambium, Struna. Terminological base of 
Croatian professional terminology. Drvni trak. In Struna, Terminological base of Croatian professional 







3.3 Analyses and Research on the Paper of Valvasor's Collection by Non-Destructive Methods  
3.3.1. Photographing and Measuring the Dimensions of Paper Sheets 
In the conservation and restoration profession, at the beginning of the work, it is necessary to get 
acquainted with the general data of the object and research. For this reason, the sheets on which the 
research was conducted were first photographed in full format in impact light and their dimensions 
measured. The paper sheet dimensions, width and height were then measured. To obtain the mean 
measured value, the ruler was used to measure in three places, after which the mean measured value 
of the width and height of the sheet of paper, expressed in mm, was taken.  
Comparing the formats of paper sheets in table no. 26, it can be concluded that the three books,2ND, 
3ND, and 4ND, are of a similar, smaller format, while two books, 6ND and 7ND, are of s similar, larger 
format. Sheets of the book/volume 5ND are not comparable to others because they have different 
formats of paper sheets on which there are printed maps of different formats. 
Tab. 26 Formats of paper sheet of the Valavasor collection according to shelfmark 
Mark  Shelfmark sheet width 
[mm] 
sheet height [mm] 
1ND HR-HDA 11 410- 420 320 
2ND M 11650 278 190 
3ND M 198 278 179 
4ND M 11640 286 180 
5ND M 158 TomusVII 360- 370 420- 440 
6ND M 11527 245 and 440 368 
7ND M 11249 240 373- 376 
 
From the researched formats, several interesting ones, which stand out due to their specificity, can be 
singled out. The 1ND210 archive material is in raw format, which means that the sheets are not trimmed 
but used without format uniformity. The sheets were used to sketch the text of the treaty that the 
protonotary of the Kingdom wrote down in the field211. The difference in format is minimal and ranges 
from 9-11mm. The 5ND book/volume is also a specific example of different sheet sizes. As a passionate 
collector, in his graphic collection, Valvasor had a volume of geographical maps from different periods, 
by different authors. The 17th century was a time of great geographical discoveries, so there was also 
a great production of geographical maps. The map formats are very different, but Valvasor combined 
them all into one volume so that he fitted the smaller maps into the default format of the volume 
sheets and overlapped the larger maps by adapting them to the size of the volume. In order not to 
damage the maps due to the overlap, he glued some to a very coarsely woven linen cloth. From the 
 
210These are the archive materials of the Croatian State Archives called: Prabilježnik kraljevine Dalmacije, 
Hrvatske i Slavonije, 1662.g., author Ivan Zakmardi (1600 - 1667), Croatian humanist, lawyer, protonotary of the 
Kingdom (1644), deputy ban and king in court affairs. From the catalog of the exhibition Ivan Zakmardi and his 
legacy, October 11 2010.  http://arhinet.arhiv.hr/details.aspx?ItemId=3_9235, September 21 2019 
211The text was probably later transcribed into an official form and there was no need to trim the sheets, and the 





researched sheets and maps, two maps212 are distinguished, which consist of 12 printed parts of maps 
bound separately by sheets, and if the sheets were compiled, they would form maps consisting of 12 
parts. These two maps have approximately equal paper sheet formats with minimal differences of 10-
20mm.  
Comparing the photographs of the paper sheets, a difference in the color of the paper is noticed 
(Figures no. 41 and 42). Although they were shot under the same lighting in impact light, it is not 
possible to accurately compare the colors of the maps. The sheets of paper were mostly bound in a 
book or volume, and when opening the book, it was not possible to achieve uniformity of illumination 
on the sheets. Of the 61 sheets of paper in volume 5ND, the maps that have been restored and 
separated from the volume differ by their darker color, even though they were once an integral part 
of it. They are all connected by the same author, Claes Jansz (Nicolaes) Visscher (1587–1652), and a 
type of map showing the great continents of the world. It is probably a similar type of paper or paper 
processing, so all papers have a darker color. Differences in the color of the paper within the same 
book can also be noticed in the book of sketches, call-number M198. These are subsequently imported 
sheets of paper on which Valvasor sketched the landscapes of the material while traveling through 
Carniola and preparing material for the book 4ND. Comparing these papers, the range of shades and 
colors is visible, which indicates that Valvasor collected them from different sources in order to draw 
sketches on the trip. The uniformity of the color of the paper is visible in the archival documents of 
1ND, which were created in the same year and used by the same person. The same may be seen with 
the 12 maps from Valvasor's 5ND map collection created at the same time and in the same way.  
  
 
Fig. 41 Sketch from the book 3ND (photo: A. 
Dragojević) 
Fig. 42 Geographical map from the volume 
5ND (photo: A. Dragojević) 
  
 
212Map numbers 13 - 24: ARCHIDUCATUS AUFTRÆ SUPERIORIS GEOGRAPHICA DEFCRIPTIO facta Anno 1667, 





3.3.2. Photographing Sheets in Transmitted Light, Measuring Dimensions and Identifying 
Watermarks According to IPH Standards  
Since paper was produced in sheets since the beginning of the 19th century and that each paper 
produced required a mold to grab the paper pulp, it may be said that each paper has its own specifics. 
The imprint of the mold and the watermark remained on such papers, which was a trademark of the 
manufacturer and the paper's quality. Especially woven molds during the 17th century were made of 
brass wires set in a wooden frame213. A mark made of the same material was embroidered on the sieve 
made in this way, sometimes with a counter-mark on the opposite side of the sheet of paper as an 
additional trademark of the manufacturer.  
Recording all the information about the mold and the watermark can help discover more about the 
origin of the paper, the provenance, the paper manufacturer or even the papermaker. For this 
purpose, it is necessary to photograph the watermark and the mold lines in a transmitted light. For the 
purpose of photographing the sheets bound in a book in transmitted light, a light sheet inserted 
between the paper sheets was used. When the light is on, the contours of the watermark and the mold 
lines are visible (except in the cases when this is not possible due to the print or drawing strokes) and 
then it is possible to measure the dimensions of the watermark and the layout of the mold lines (Figs. 
43 and 44).  
  
Fig. 43 A light sheet inserted under a sheet of 
paper in book 3ND 
Fig. 44 Measuring the dimensions of the 
watermark and the mold lines in the book 
 
The dimensions of the watermark were measured while the light sheet was on so that the height was 
stated first, and then the width, both in millimeters. We call the mold lines that make up the lines of 
weaving the mold chain lines and laid lines. The distance between the two chain lines, in millimeters, 
and the density of laid lines, in centimeters, were measured. The International Association of Paper 
Historians prescribes standards for measuring molds and watermarks in the paper registration 
standard214. In addition, the types and subtypes of watermarks have been standardized, with a label 
for each type of watermark, there is an illustration of the watermark with the name and description 
 
213HUNTER, D. Papermaking : the history and technique of an ancient craft. New York : Dover Publications, 1978, 
pp. 123 
214International Standard for the Registration of Papers with or Without Watermarks Version 2.1.1 (2013); 
[available online] International Association of Paper Historians [cited 23. 9. 2019]. Retrieved from: 





and their translation into five languages. Everything may be found in the appendix to the standard, 
which is a table showing all the watermarks known so far, the way they are marked, and their exact 
names. This greatly helps the exchange of data in Europe and sheds light on European paper history. 
 By researching watermarks and mold lines, the document 1ND's sheets that have the same watermark 
can be extracted first (Fig. 45), but they are not of the same dimensions. They differ in both height and 
width by 10mm215, while the mold lines are the same in most samples, with two examples of a 
difference of 1mm in chain lines and 3 laid lines216. The type of watermark according to the IPH 
standard is called the Bishop's staff, but this example of a staff is located between the letters H and S 
(which have swapped places in some examples) and we can mark it as R1/1 or R1/2217. All the above 
data indicates that it is the same manufacturer, but using different molds, and, at that time, it was 
common for a papermaker to use several of the same molds. Production could be accelerated with 
several molds, and these irregularities in dimensions indicate the manual work of paper mold weavers.  











Fig. 45 Watermark Bishop's staff found on the 1ND 
paper sheet 
 
The dimensions of the mold and watermarks were measured on the researched sheets. Attached to 
this paper are tables with sheet dimensions, mold line dimensions, watermark dimensions, and 
watermark type and description presented by books/volumes. 
The book 6ND contains three types of watermarks, two different coats of arms on the front and back, 
and, on the other researched sheets in the book, the so-called Cross of Hermes. There are minimal 
differences in the dimensions of the watermark of 1mm in height and 4mm in width218, so in the 
spacing of the mold lines, 1mm in chain lines and one line on 1cm laid lines219. In this book, the 
orientation of the mold lines is interesting, which differs in the front endleaf and the endleaf (the chain 
 
215The dimensions of the watermark found on the sheets of call-number HR-HDA 11 range in height between 50-
60mm and in width between 50-60mm. 
216Lines of the mold on the sheets call-number HR-HDA 11 move regarding chain lines 20-21mm and laid lines 9-
12 mm, with lines by 1cm.  
217International Standard for the Registration of Papers with or Without Watermarks Version 2.1.1 (2013); 
[available online] International Association of Paper Historians [cited 23. 9. 2019]. Retrieved from: 
<http://www.paperhistory.org/Standards/>. pp. 75. 
218The dimensions of the watermark found on the sheets call-number M11527 with the watermark the Cross of 
Hermes range in height from 56-54mm and in width from 27-31mm. 
219Mold lines on the sheets call-number M11527 move regarding chain lines 28-29mm, and laid lines from 10-11 





lines are horizontal) from the rest of the researched sheets in the bookblock (the chain lines are 
vertical). This leads to the conclusion that different papers were used for the front endleaves and 
endleaves.  
A similar situation is found in the 7ND book but, in this example, the orientation of the mold lines is 
identical to the other sheets of paper. A sign reminiscent of the letter P of angular shape with the 
letters I and Z in the lower part was found on the front endleaf and the endleaf (Fig. 46), while two 











Fig. 46 Watermark on the front endleaf and the endleaf of the book 
7ND 
 
In other printed books 4ND (Fig. 47) and 2ND (Fig. 48), it is difficult to read the watermarks completely 
on the sheets of paper due to the print being imprinted on it, but according to what is visible, they are 
mostly coats of arms. The IPH standard for the registration of watermarks foresaw that researchers 
could find as yet unidentified signs and assigned them the Z mark, which is why most of the watermarks 
in these books are marked with this letter. In the example of these two books, it is interesting that the 
same watermark appears on the front endleaf of both books with small differences in dimensions. It is 
a watermark that has a crown with a cross on the top, a shield with depictions of animals on the left, 









Fig. 47 Watermark on 










Fig. 48 Watermark on 
the endleaf of the 
book 2ND 
 
The book 3ND is an example of sheets with a lot of watermarks, so out of the 14 researched sheets of 
paper, 9 types of watermarks or coats of arms were found. In this case, the signs are the same on the 
front endleaf and the endleaf, while the dimensions of the watermarks differ in height by 20 mm and 





28 watermarks220 were found on the 61 researched sheets of the paper in volume 5ND (of which 12 
coats of arms, 2 watermarks with letters and one unidentified watermark). The range of dimensions 
of watermarks differs in height by 93mm and in width by 53mm. The mold lines were very different in 
measurements, so the chain lines differed in 12mm and the laid lines in 5 lines. Large differences in 
dimensions confirm the different origin of the paper and the volume call-number M158TomusVII is 
completely different from the other books and examples because it is a collection of maps of different 
origin and dating.  
On the sheets in four books (3ND, 4ND, 2ND, and 5ND) the same watermark was recorded on the front 
endleaf and the endleaf. It is assumed that this type of paper was used frequently. A search of 
databases and watermark literature resulted in a watermark that could be linked to this watermark. It 
is a representation of the coat of arms above which is a crown with a cross, on the left three dragons 
rising above each other, and on the right a cross.  
 
3.3.3. Analysis of Paper Surface by Digital Microscope 
By photographing the surface of the sheets of paper with a digital microscope, the details of the surface 
of the paper were photographed under three magnifications, i.e. 50x, 200x and 500x magnification 
(Fig. 49).  
 
Fig. 49 Procedure for imaging the surface of paper sheets with a digital microscope 
 
By examining the sheets of paper, it can be concluded that the most characteristic fibers are those that 
can be included in the type under the abbreviation thin light brown fiber TSSV. It can be described as 
a fiber less than 0.150mm thick, light brown in color. Blue and red fibers are found in many papers and 
 
220One part of the sheets could not be examined because they were originally glued to a very coarsely woven 





their width/thickness can be characterized as thin fibers (Figs. 50 and 51). In some places, it was short 
enough to make it possible to measure the length. 
    
Fig. 50 Typical examples of blue Fig. 51 Typical examples of red fibers 
 
Next in terms of quantity is the thick light brown DSSV fiber, which, in some places, has a 
width/thickness of over 0.400 mm and looks like straw (Figs. 52, 53 and 54). In some places, thicker 
fibers were found deep in the structure of the paper (which made it difficult to measure them 
accurately) so that the white fibers were clearly visible on them and it was possible to measure their 
width (Figs. 51 and 52). 
 
       
Fig. 52Typical examples of a 
thin light brown fiber 
Fig. 53 Typical examples of a 
thick light brown fiber 
Fig. 54 Typical examples of a 
thin dark brown fiber 
 
    
Figs. 55 Thick light brown fiber Fig. 56 White fibers visible on that thicker 
brown fiber 
The measured values of white fiber width in places where measurement was possible ranged from 
0.011mm to 0.029mm, which would probably refer to two types of fibers specific to the 17th century 
period which are hemp and flax.  
By analyzing the papers that have the most specific fibers listed, which are those in book 3ND, which 
was Valvasor 's book of sketches (Tab. 27). This book could be concluded to have the lowest quality 
papers. In addition to specific fibers, the transmitted light shows how many such impurities there are 





confirms the poor quality of the paper is the fiber shadow (Fig. 57) which appears on these papers 
along chain lines. According to the literature cited, this is the so-called antique laid paper. It is the 
name for papers whose higher pulp density is in a suspension that flows most towards the ribs located 
along the chain lines. In the same literature, it is stated that Loeber discusses the so-called shadow 
zone on both sides of the chain lines common to papers before the middle of the 18th century. 
 
Tab. 27 Representation of characteristic fibers in the examined papers 
 TPV TCV TSSV TTSV TCSV DPV DCV DSSV DTSV DCSV 
1ND   4     8   
2ND  3 5     1 1  
3ND   8 2 1   1 1  
4ND 1  6 1 1   7   
5ND 8 1 16     4 1  
6ND 3  2 1    2 1  
7ND 11  7 2    8 3  








Fig. 57 Detail of call-number M198 book endleaf 
in transmitted light with a visible screen print 
and fiber shadow along chain lines 
 
Considering the quality, the volume 5ND Valvasor's graphic collection of geographical maps could 
certainly be regarded as the best one. Not many specific fibers are found in the papers, but white fibers 
from the width/thickness range from 0.014 mm to 0.017 mm predominate.  
 
3.3.4. General and Chemical Properties of Paper Sheets in the Valvasor Collection 
3.3.4.1. Thickness  
The paper thickness measurement on the sheets was limited to the area along the edges of the sheets 
and to the area where there is no plate imprint. As all the measured sheets were bound into the book 
binding (except 1ND), a particularly stable stand made of wooden micrometer boards had to be 
designed. A sheet of paper is placed between the metal measuring surfaces while the remaining part 





       
Fig. 58 The method of measuring the thickness 
of a sheet of paper 
Fig. 59 An improvised stand on which a 
micrometer is placed 
 
As the books and sheets were of different formats, the position of the wooden boards which the stand 
was made of was changed or adjusted. In addition to the stand, the position of the book changed as 
well, depending on its format and the ability to place the sheet in a micrometer.  
Most of the measured values of paper thickness range from 0.16-0.20mm, followed by a range of 0.10-
0.15mm, while there were only two sheets measured below 0.10mm and a smaller proportion of 
sheets larger than 0.20mm.  
When looking at the measurements according to the books in (Tab. 28), it can be seen that in two 
books 2ND (Tab. 29) and 3ND (Tab. 30) the sheets were in the range of 0.10-0.15 mm, therefore with 
thinner sheets. The books are from 1679 and 1681, meaning that, in relation to the rest, they can be 
classified among the older books. The remaining majority of the books have a sheet thickness in the 
range of 0.16-0.20mm, while very few books have a sheet thickness greater than 0.20mm. Within the 
bookblock, a small difference in thickness was observed between the front endleaf and the endleaf 
and other papers within the bookblock.  





1ND 2ND 3ND 4ND 5ND 6ND 7ND Total 
<0.10  1   1   2 
0.10- 0.15 2 6 11 4 17 3 4 47 
0.16- 0.20 8 3 3 10 33 6 15 78 

















1 0.17 0.03 
2 0.11 0.02 
3 0.11 0.01 
4 0.12 0.01 
5 0.10 0.01 
6 0.09 0.01 
7 0.16 0.01 
8 0.11 0.01 
9 0.13 0.01 
10 0.19 0.01 
 
Nu mber 







1 0.22 0.02 
2 0.14 0.01 
3 0.11 0.01 
4 0.14 0.01 
5 0.15 0.01 
6 0.15 0.01 
7 0.13 0.01 
8 0.15 0.01 
9 0.15 0.01 
10 0.13 0.01 
11 0.15 0.02 
12 0.12 0.01 
13 0.17 0.02 
14 0.19 0.01 
 
Slightly thicker front endleaves and endleaves in relation to the other sheets (sheet thicknesses in 2ND 
range between 0.09 - 0.16mm; in 3ND between 0.11 - 0.17mm) from the bookblock are found in 2ND 
(Tab. 29) front endleaf 0.17mm; endleaf 0.19mm) and 3ND (Tab. 30) (front endleaf 0.22mm; endleaf 
0.19mm). While books 6ND (Tab. 31) front endleaf 0.11mm; endleaf 0.12mm) and 4ND (Tab. 32) (front 
endleaf and endleaf 0.14mm) have slightly thinner front endleaves and endleaves regarding the other 
sheets (sheet thicknesses in 6ND range between 0.15 - 0.23mm; in 4ND between 0.14 - 0.18mm). The 
book 5ND stands out from everything, as it is composed of geographical maps of different origins and 
dates whose sheets cover all ranges of measured paper thicknesses. 
Tab. 31 Thickness 6ND Tab. 32 Thickness 4ND 






1 0.11 0.01 
2 0.15 0.01 
3 0.18 0.01 
4 0.20 0.02 
5 0.19 0.03 
6 0.21 0.02 
7 0.20 0.02 
8 0.23 0.15 
9 0.17 0.01 








1 0.14 0.01 
2 0.14 0.01 
3 0.18 0.01 
4 0.17 0.01 
5 0.18 0.02 
6 0.17 0.01 
7 0.15 0.01 
8 0.18 0.01 
9 0.17 0.01 
10 0.17 0.01 
11 0.16 0.01 
12 0.16 0.01 
13 0.16 0.01 







3.3.4.2. pH  
The measurement procedure was performed in such a way that the electrode for surface 
measurement was pressed against the surface of the paper (Fig. 60). After a few moments, the device 
showed the result. The measurement was performed on each sheet of paper in five places, on all four 
corners of the sheet and one measurement in the middle. Although the TAPPI standard T529 prescribes 
measurements by applying a drop of distilled water to the appropriate place and measuring in that 
drop, this was not possible in the case of Valvasor papers due to possible residual water line stains that 







Fig. 60 Procedure for measuring the pH of the 
paper of the Valvasor collection  
 
All measured results (Tab. 33) are in the acidic specter, which would indicate cellulose degradation, 
but the sheets, as well as the whole bookblock, are stable with no indication of being in poor condition. 
Most of the measured values are around pH = 4, slightly less of pH = 5, then pH = 3, and one with the 
measured pH value of 6.   




1ND 2ND 3ND 4ND 5ND 6ND 7ND Total 
3- 4   2 1 7 1 8 19 
4- 5 1 10 10 13 21 9 16 60 
5- 6 9  2  5  2 18 
6     1   1 
 
Papers that are not bound in the bookblock call-number HR-HDA11 have a pH of about 5 (Fig. 61), 






Fig. 61 Diagram of measured pH values on paper samples from 1ND 
 
 
Fig. 62 Diagram of measured pH values on paper samples from 2ND 
 
This is not the case with 3 books, i.e. 4ND (Fig. 63), 6ND (Fig. 64) and 5ND (Fig. 65), where the front 
endleaves have a pH of about 3, while the rest of the sheets in the bookblock have a pH of about 4.  
 

















































Fig. 64 Diagram of measured pH values on paper samples from 6ND 
 
 
Fig. 65 Diagram of measured pH values on paper samples from 5ND 
 
The book 7ND is different, so the front endleaf and title page have a pH of about 5 (Fig. 66), while the 

































Fig. 66 Diagram of measured pH values on paper samples 7ND - 10D 
 
The exception is again a volume of Valvasor's 5ND map collection which has different measured values, 
but slightly more of those with a pH of about 4 then a pH of about 3, a few with a pH of about 5 and 
one with a pH of 6.53 that has undergone conservation and restoration.  
According to the review of the obtained results (Tab. 34) four most common ranges of standard 
deviations for pH measurements can be determined on book sheets according to the call-numbers 
listed. The range of standard deviation between 0.10 and 0.20 is the most represented, which indicates 
that the differences in measurements are not large.  




1ND 2ND 3ND 4ND 5ND 6ND 7ND Total 
<0.10  1  4 11 1 12 29 
0.10- 0.20 5 6 10 10 11 5 7 50 
0.20- 030 1 3 2 2 5 2 5 20 


























3.3.5. Optical Paper Properties221  
3.3.5.1. Brightness 
The largest range of values was measured on the sheets in book 5ND (Fig. 67) which could be due to 
differences in the origin of the paper and different dating. The lowest measured brightness value on 
5ND sheets of paper is 13.39% and the highest 50.94%. 
 
Fig. 67 Diagram of measured brightness values on paper samples from 5ND 
 
A similar situation is visible in figure no. 68 in measured whiteness values on 7ND book sheets. The 
lowest measured brightness value on 7ND sheets of paper is 35.38% and the highest 55.42%. 
 
221 Exercise 6 (Part Two) - Determination of optical properties of paper: whiteness, brightness, opacity, color: 
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Fig. 68 Diagram of measured brightness values on paper samples from 7ND 
More uniform values were measured on the sheets in book 2ND (Fig. 69) ranging between 47.58% and 
61.88%, papers in 6ND (Fig. 70) ranging between 45.41% and 59.67% as well as in 1ND (Fig. 71) where 
values range between 58.97% and 69.42%. The reason for this is that the sheets of paper are of the 
same origin, bearing the same watermark, the same dimensions of the mold and are thus of the same 
origin.  
 














































Fig. 70 Diagram of measured brightness values on paper samples from 6ND 
 
 
Fig. 71 Diagram of measured brightness values on paper samples from 1ND 
Table no. 35 shows the measured results according to the range of measured values in order to get an 
insight into the share of the most represented ranges. The table shows that most of the measured 
values were distributed in three groups of ranges. In the range between 40 and 50% there were 30 of 





















































1ND 2ND 3ND 4ND 5ND 6ND 7ND Total 
10-20%     4   4 
20-30%     9   9 
30-40%     10  2 12 
40-50%  1 6 1 9 1 12 30 
50-60% 2 8 3 2 1 9 12 37 
Over 60% 8 1 5 11    24 
 
When comparing the measured brightness values with the brightness values for individual types of 
paper/pulp according to ISO Brightness (%), it can be concluded that the papers from the 17th century 
have low values. The maximum measured brightness is 66.26% and the minimum 13.39%, which, when 
compared to modern papers, falls outside the known brightness values for certain types of paper.  
The standard deviation showed the largest differences in paper sheet brightness measurements (Tab. 
36). The deviations are large and are most pronounced on the pages of book 5ND, where the maximum 
SD is 11.69. The largest deviations are visible on the pages of another book, 7ND, while the maximum 
SD is as high as 19.53. The smallest deviations were shown on the sheets in books 4ND, 3ND, and 1ND. 
Tab. 36 The range of standard deviations in for measuring the brightness of sheets in the Valvasor 
collection by books 
Range of 
SD 
1ND 2ND 3ND 4ND 5ND 6ND 7ND Total 
<1 1  4 2 1   8 
1- 2 3 8 6 8 1 1 1 28 
2- 3 2  3 2 3 1 2 13 
3- 4   1 1 3 5  10 
4- 5 2 1   4  1 8 










By reviewing the measured yellowness values in table no. 37, the dominance of the range of 20-30% 
is observed. For instance, the sheets in 1ND (Fig. 72). 2ND, and 4ND measured the highest yellowness 













1ND 2ND 3ND 4ND 5ND 6ND 7ND Total 
10-20% 1    1  8 10 
20-30% 9 8 7 13 12 7 15 71 
30-40%  2 7 1 13 3 3 29 
40-50%     3   3 
50-60%     3   3 
Over 60%     2   2 
 
Fig. 72 Diagram of measured yellowness values on paper samples from 1ND 
Minor differences in the measured values on the sheets of paper in the bookblock are visible on the 
sheets of books 3ND (Fig. 73) and range between 22.50% and 38.82%, while on the sheets in 7ND 
the range id between 16.83% and 34.34% (Fig. 74). 
 










































Fig. 74 Diagram of measured yellowness values on paper samples from 7ND 
 
The highest measured values of yellowness in the sheets of paper were measured on book 5ND, 
61.26%, which also has the largest difference in the measured values (Fig. 75) from 19.63% to 
61.26%. 
 
Fig. 75 Diagram of measured yellowness values on paper samples from 5ND 
 
The standard deviation shown in Table no. 38 shows no major differences; the range 1-2 dominates. 














































Tab. 38 The range of standard deviations in for measuring the yellowness of sheets in the Valvasor 
collection by books 
Range of 
SD 
1ND 2ND 3ND 4ND 5ND 6ND 7ND Total 
<1 1 2 2 4   1 11 
1- 2 6 7 9 9 5  8 44 
2- 3 2 1 3  13 2 7 28 
3- 4     12 2 4 18 
4- 5     1 4 1 6 








According to the results shown in table no. 39 it is concluded that the measured values of opacity 
prevail over 90%, which is a very high percentage, i.e. it shows high opacity. Values over 100% were 
measured on a number of sheets, so it was not possible to include them in the table of measured 
opacity values.  
 
Tab. 39 Range of measured opacity values on sheets in the Valvasor collection, by books 
Range of 
measured 
opacity values  
1ND 2ND 3ND 4ND 5ND 6ND 7ND Total 
80-90% 2  2 6 7 2 8 27 
Over 90% 8 14 12 4 19 8 11 76 
Values over 
100% 
    8  7 15 
 
Although there are differences in the measured values between the sheets within one book, these 
differences range from 80-90% or over 90%. Minor differences in the measured values are visible in 






Fig. 76 Diagram of measured opacity values on paper samples from 7ND 
 
The differences in the measured values are visible in paper sheets in book 6ND (Fig. 77), on the front 
endleaves, which corresponds to the difference in paper sheet thickness (Tab. 31). Opacity values are 
lower on front endleaves, 86.68%, and endleaves, 89.25%, compared to other papers in the bookblock 
ranging from 90.94% to 95.21%.  
 
Fig. 77 Diagram of measured opacity values on paper sheets from 6ND 
 
 
The situation is similar in the sheets of paper of book 4ND diagram no., but in that book, there are 














































Fig. 78 Diagram of measured opacity values on paper sheets from 4N 
 
Table no. 40 of standard deviations for the measured values of opacity shows that the dominant 
deviations are divided into those in the range between 2 and 3 and those over 5. In two examples, 
maximum deviations deviate markedly, and these are again books 5ND and 7ND. The reason for the 
large standard deviations probably lies in the fact that in the case of sheets in book 5ND were a 
collection of different maps and sheets of paper and, in the case of sheets of book 7ND, they are 
probably different sheets of paper in a trial copy of the book Valvasor had in his library. 
 
Tab. 40 The range of standard deviations in for measuring the opacity of sheets in the Valvasor 
collection by books 
Range of SD 1ND 2ND 3ND 4ND 5ND 6ND 7ND Total 
<1         
1- 2  2 3 3  3  11 
2- 3 5 5 8 8 1 3 1 31 
3- 4 2 1 2 1  4 2 12 
4- 5 2 1 1 2 1   7 




































3.3.5.4. Gloss  
The procedure for measuring the gloss of paper from the Valvasor collection is shown in figure no. 79. 
 
Fig. 79 Measuring the gloss of a sheet of paper with the Elcometer 407 on the book marked 7ND 
 
By reviewing the measured values in table no. 41 notes that the range 1-1.5 is most represented on 
the sheets of books 5ND and 7ND. On the sheets of the same books, the lowest measured brightness 
value of 0.88 in book 7ND (Fig. 81) and the highest measured brightness value of 2.58 in book 5ND 
(Fig. 80). 
 
Tab. 41 Range of of measured gloss values on paper samples by the books 
Range of 
measured 
gloss values  
1ND 2ND 3ND 4ND 5ND 6ND 7ND Total 
0- 1   1  1  2 4 
1- 1.5 10 4 9 10 16 8 20 77 
1.5- 2  6 4 14 10 2 1 27 








Fig. 80 Diagram of measured gloss values on paper samples from 5ND 
 
Fig. 81 Diagram of measured gloss values on paper samples from 7ND 
 
By comparing the diagrams of the measured gloss values, it can be noticed that there is a smaller 
difference in gloss between the front endleaf and the eandleaf compared to the other sheets of paper 
in the bookblock. This is the case in the example of sheets in 2ND books (Fig. 82) (front endleaf 1.07, 
endleaf 1.15, other sheets 1.12 - 1.98), 3ND (Fig. 83) (front endleaf 0.96, endleaf 1.05, other sheets 
1.11 - 1.61) and 4ND (Fig. 84) (front endleaf 1.06, endleaf 1.29, other sheets 1.24 - 1.58) the gloss on 
































Fig. 82 Diagram of measured gloss values on paper samples from 2ND 
 
 
Fig. 83 Diagram of measured gloss values on paper samples from 3ND 
The reverse situation is in the book 6ND (Fig. 85) (front endleaf 1.51, endleaf 1.66, other sheets 1.13 - 
1.47) where the measured value of gloss on the front endleaf and endleaf of the book is slightly 
































Fig. 84 Diagram of measured gloss values on paper samples from 4ND 
 
 
Fig. 85 Diagram of measured gloss values on paper samples from 6ND 
 
In the 17th century, paper had very little gloss because it did not have a topcoat like modern paper, 
but even these values are lower than the expected results of uncoated paper. Although the values are 
very low and not comparable to today’s papers, it is interesting to note them to get an impression of 
this optical property of historical paper.  



































Tab. 42 The range of standard deviations in measuring the gloss of sheets in the Valvasor collection 
by books 
Range of SD 1ND 2ND 3ND 4ND 5ND 6ND 7ND Total 
<0.10 7 1 2 1  1 2 14 
0.10- 0.20 3 1 10 5 6 4 5 34 
0.20- 030  4 2 6 11 3 6 32 
0.30- 0.40  1  2 8 2 4 17 
0.40- 0.50  2   2  5 9 
> 0.50  1   7 
(max.0,90) 




3.4. Results and Discussion of Destructive and Non-Destructive Analyses and Research 
3.4.1. Results and Discussion of Destructive Analyses  
The performed analyses, measurements, and recordings by destructive methods can be divided into 
four groups (Table no. 43). The first group includes measurements of paper properties, from general, 
chemical, and optical properties. The second group of analyses consists of spot tests performed on 
small samples of paper or fiber. The group of elementary analyses gave the results of the share of 
inorganic elements as well as functional groups within the molecule in the composition of the paper. 
Microscopic analyses are a group of analyses that examine fibers in paper.  
Through analyses of paper properties by measuring paper thickness and opacity, it may be concluded 
that thinner papers have a slightly lower percentage of opacity. Although opacity values are very high 
and range from 90 to 98%, it has been shown that papers whose thicknesses are lower also have a 
lower opacity, as in examples 4D, 6D, and 8D. Such a conclusion is very logical because a smaller 
amount of fiber in the paper and a smaller amount of filler in the paper certainly contributes to greater 
transparency and less opacity. Comparing the values of the optical properties of brightness and 
yellowness showed that they are inversely proportional, which means that when the brightness value 
is higher, the value of yellowness is lower and vice versa. The exception in this regularity is the 2D 
pattern, which could be said to be an exception in every way. Its purpose was not to be written or 
printed on, but it served as a blotting ink paper dated to the 19th century and it was placed under the 
paper on which people would write. The brightness in the paper could depend on the proportion of 
filler that fills the space between the fibers in the paper as shown by a comparison of the XRF analysis 
results and the percentage of brightness. Thus, this comparison shows that samples with a higher 
proportion of calcium also have a higher percentage of brightness. This is best recognized on samples 
1D, 5D, 6D, and 8D. Such a result suggests the opposite situation as well, i.e. that a lower percentage 
of brightness indicates a lower proportion of calcium as the basic element of the filler and this is visible 
in the measurements of samples 2D, 3D, 4D, and 9D. The exception is the 10D sample, which is visibly 
dark and has a brightness value of 18.16% and a yellowness value of 60.55%, while the calcium content 
according to the XRF analysis is high (Table no. 17). The cause of such values may lie in the aging of the 





is the 7D sample, whose brightness value is 65.32%, while its calcium content is low, which indicates 
other factors that affect the percentage of brightness. In this case, it is possible that the better storage 







Tab. 43 Results of destructive analysis on paper fragments: thickness, pH, brightness, yellowness, opacity, gloss, water absorption, lignin content, SEM-EDS, 
XRF, type of fibers  
 DATE THICKNESS pH BRIHGHTNESS YELLOWNESS OPACITY GLOSS WATHER 
APSORPTION 
PHLUOROGLUCONOL TEST  SEM-EDS XRF FIBERS 




2D 19.c. 0.213 5.45 35.95 36.44 95.91 0.73 0:21 +++ O, C, Ca, (Cu, Al, Si, 
Ni) 
Ca, Fe (K, Si, S) Flax, hemp; 
BF=cotton 
3D 16.-17.c. 0.217 5.00 29.64 50.87 97.69 0.96 3:35 + O, C, (Cu, Si, Al, Ni) Ca, Fe, (K, Al, 
Si, S, Mn) 
Flax, hemp; 
BF=cotton 
4D 16.-17.c. 0.182 6.48 49.77 33.06 93.06 1.03 3:35 ++ O, C, (Si, Cu, Al, Ni, 
Au, S, Ag) 
Ca, (Fe, K, S, 
Al, Si, Mn, Cu?) 
Flax, hemp; 
BF=silk 
5D 18.c. 0.190 6.48 46.48 38.13 95.23 1.01 7:28 + O, C, Ca, (Al, Si, Cu, 
Ni)  










7D 19.c. 0.236 6.70 65.32 21.25 97.01 1.17 2:20 ++ O, C, Ca, (Ni, Cu Mg, 
Si, K) 
Ca (K, Si, Mn, 
Fe, S) 
Flax, hemp 
8D 19.c. 0.160 6.88 64.72 22.58 91.23 1.17 2:21 + O, C, Ca, (Cu, Si, Ni, 
Mg, Al, Si)  
Ca (Fe, Cu, Si, 
S, K) 
Flax, hemp 
9D 16.-17.c. 0.226 5.31 36.31 44.92 98.34 1.1 3:19 + O, C, (Si, Mg, Al, Cu, 
Ni) Ag? 
Ca, Fe (Si, S, K, 
Mn, Ti) 
Flax, hemp 
10D 16.c. 0.183 6.15 18.16 60.55 96.09 1.03 3:17 - O, C, Ca, (Si, Mg, Al, 
Cu, Ni) 











The pH of the paper can also be related to the calcium content of the paper or filler that creates an 
alkaline environment. Thus, samples 2D, 3D, and 9D have an acidic pH between 5.00 and 5.45, and the 
calcium content looking at XRF measurements is very small. In the examples where the calcium content 
is higher, the pH is neutral, around 7.00, and these are samples 1D, 5D, 6D, and 8D222. The optical 
property of gloss of 85° can be related to a lower percentage of brightness and acidic pH, which is 
indicated by the measurement results in samples 2D and 3D where the measured gloss values are less 
than 1.00. 
Spot tests performed on samples of starch identification paper in the sample showed that it was not 
present in any of the samples, proving that starch was very rarely used as a coating from the 16th - 
19th centuries on papers produced in Europe223. A test to identify lignin with the reagent 
phloroglucinol in paper samples indicated the presence of fibers that have a slightly higher proportion 
of lignin. Samples 2D and 6D had the most colored fibers, which could indicate the presence of lignin, 
while in the sample 10D from the 16th century there are no such fibers. A paper absorbency test 
conducted with a drop of water showed that the most blotting paper samples were 1D and 2D, and 
the least 5D and 6D. Interestingly, the results of the FTIR analysis showed that it is the 1D and 2D paper 
samples that have no impurities of either gelatin as a coating or calcium as an element in the fillers in 
the paper, which could be the reason for their absorbency.  
Microscopic analyses were performed in two ways, on the surface of the paper samples and on the 
fiber samples. The first had the purpose of analyzing specific fibers in the paper while the second had 
the purpose of identifying the fibers in the paper samples. Analysis of the surface of the paper revealed 
specific fibers that stood out, so it could be concluded that most of the specific fibers are thick light 
brown fibers that look like straw224 225. Also, a thin blue fiber was found in samples 1D, 2D, 5D, 6D, 8D, 
and 10D. The presence of blue dyed fibers was confirmed by analysis on an optical microscope on 
samples 1D, 2D, 3D, 4D, 5D, 6D, and 10D. According to the morphology, the blue fibers in samples 1D, 
2D, 3D, and 5D are cotton fibers while in samples 4D, 6D, and 10D they are silk fibers. According to the 
data from the literature, it is assumed that the blue fibers were dyed with indigo dye, which, in the 
period from the 16th to the 19th century, was used in Europe for dyeing fabrics226.  According to their 
morphology, most of the fibers in all samples were recognized as flax and hemp, the most represented 
fibers cultivated for the production of textiles in Europe in the period from the 16th to the 18th 
century, while cotton is less represented. Cotton was identified in only two samples - 5D and 6D from 
the 19th century. Such a result can be supported by the historical fact that, in the 16th-17th centuries, 
 
222BARRETT, T., ORMSBY, M. and LANG J. B. Non-destructive analysis of 14th–19th century European handmade 
papers. Restaurator , 2016, Vol. 31, no. 2, pp. 112. 
223MAHGOUB, H. [et al.] Material properties of Islamic paper. Heritage Science, 2016, pp. 1-14. 
224VAN VELZEN, S. T. J. The universe between felt and wire : a new look into the typology of Western made paper. 
Amsterdam : University of Amsterdam, 2018, pp. 89 
225For the production of paper pulp, a combination of straw from three types of grains was used - wheat, rye and 
oats, with wheat having the advantage. This method of pulp production was used in Europe and North America 
until wood pulp was fully incorporated into paper production. Ilvessalo-Pfäffli, Marja-Sisko. Fiber atlas: 
identification of papermaking fibers. Springer Science & Business Media, 1995.; page 308 
226Bojadisarski vrbovnik (Woad) originating in West Asia, along with other indigo-containing plants, was used to 
obtain → indigo (indigo (Portuguese or Spanish índigo, from Latin indicum, from Greek ἰνδıϰός: Indian), a blue 
dye known since ancient times, a derivative of indole) was cultivated since ancient times. It came in Europe 
before the discovery of America. Vrbovnik. In Hrvatska enciklopedija, mrežno izdanje [available online] [cited 5. 





cotton was cultivated in small quantities in Europe and mostly imported from India and then hand-
spun in Europe227 228.  
Elemental analyses of paper samples such as SEM-EDS and XRF showed the proportion of inorganic 
elements in the sample while FTIR analysis showed the proportion of functional groups in the samples 
and organic molecules, respectively. The most common element in all samples and in the SEM-EDS and 
XRF spectra is calcium (Ca), which may indicate the presence of fillers in the paper, which can be 
calcium carbonate (chalk) or calcium sulfate (gypsum).  
FTIR spectra confirmed the presence of both types of fillers in all samples except in 1D and 2D, which 
is significant, but considering the purpose of these papers, such results are not surprising. 1D is the 
paper Valvasor used as the base for his collection of graphics while 2D served as the blotting paper for 
the ink that was placed under the paper used for writing. Calcium as an element is visible in both 
elemental analyses of inorganic elements except in SEM-EDS in three samples: 3D, 4D, and 9D. 
Comparing the results with XRF, it is clear that the calcium peaks on these samples are smaller, which 
would indicate that the calcium content is lower and which can be further related to other analysis 
results such as pH, absorption, brightness, etc. 
In the SEM-EDS analysis and XRF, many trace elements have been recorded that can be related to the 
composition of the paper. Thus, sulfur (S), potassium (K), and in some samples iron (Fe) are visible in 
XRF graphs, while aluminum (Al) and copper (Cu) are visible in SEM-EDS graphs. Sulfur is an element 
that is part of the molecule of gypsum (CaSO4 x H2O) and alum (KAl(SO4)2 x 12H2O) as well as aluminum 
and potassium. Iron as an element is visible in traces in all XRF graphs and can be attributed to the 
composition of iron alum (FeAl(SO4)2 x 12H2O). Silicon (Si) is an element that was detected in both 
elemental analyses and, according to the literature, is associated with the presence of straw. Straw 
stalks contain silicon oxide (SiO2)229 (4-7% in wheat straw)230. The presence of most of the elements 
recorded in traces during elemental analyses could be interpreted, but for some, such as manganese 
(Mn), magnesium (Mg), titanium (Ti), copper (Cu) and nickel (Ni), there hasn't been found any reason 
for their presence, for now. Such a result can be attributed to sample contamination, but further 
research that could explain their presence is possible.  
 
227 VAN VELZEN, S. T. J. The universe between felt and wire : a new look into the typology of Western made paper. 
Amsterdam : University of Amsterdam, 2018, pp. 61. 
228 It was only in the middle of the 18th century that is a spinning machine was patented, first water-powered 
and later, in the 19th century, steam-powered, which made cotton textiles cheaper and more accessible for a 
larger number of people. Wikipedia. Cotton-spinning machinery Retrieved from 
https://en.wikipedia.org/wiki/Cotton-spinning_machinery, [cited 2020 5 April]. 
229 VAN VELZEN, S. T. J. The universe between felt and wire : a new look into the typology of Western made paper. 
Amsterdam : University of Amsterdam, 2018, pp. 89. 






3.4.2. Results and Discussion of Non-Destructive Analyses  
For a complete overview of the characteristics of 17th-century paper, Valvasor’s collections must be 
compared to the results of measurement, sheet photographs, and historical data (Tab. 44). The 
characteristics and properties of these papers were shown by the analyses and measurements selected 
so as to respect the principle of non-destructiveness imposed by the conservation-restoration 
profession.  
The first in a series of measurements was the measurement of paper size, based on which it was 
concluded that 3 books, 3ND, 4ND, and 2ND, i.e. sheets of paper in a book block of a similar, smaller 
format. Comparing the position of the paper mold lines of these sheets where the chain lines are in a 
horizontal position with the paper mold lines of the raw format paper sheets in 1ND, where the chain 
lines are in the vertical position, it can be concluded that, for the three books used, the sheets of paper 
used are half of the raw format Folio231 format. The difference in the position of the paper mold lines 
in the covering sheets and endleaves in relation to the other sheets in the book block on the example 
of book 6ND shows that the bookbinder used paper of a different format than the printer who printed 
the book on sheets of a different format. These differences in the books are also evident in the 
thickness of the paper, so books 6ND and 4ND have slightly thinner covering sheets and endleaves, 
while books 2ND and 3ND have slightly thicker covering sheets and endleaves. These differences range 
from 0.03mm to 0.05mm.  









origin or use 
of paper 
sheets  
Appearance and type 
of watermark 
Chain lines Laid lines 
1ND 1662 410-
420x320 
Zagreb 1 type of watermark 
Bishop’s crosier IPH: 







2ND 1679 278x190 Bogenšperk 4 types of watermarks 
- coats of arms except 
one, endleaf 
watermark depicting 






Laid lines 9 
and 
10/1cm 
3ND Prior to 
1681 
278x179 Bogenšperk 5 types of watermarks 






7, 8, 9, 
10/1cm 
 
231 Folio m. /Folio n., Foliobogen m. Foloformat n. /folio, folio size, fooklscap folio/in-foliom. From Latin Folium = 
leaf 1 Half of a double sheet of paper; a double sheet folded once, in half, contains two sheets or four pages, 






depicting the coat of 
arms of Carinthia 
4ND 1681 286x180 Bogenšperk 4 types of watermarks 
- coats of arms, 
endleaf watermark 
depicting the coat of 












Bogenšperk 18 types of 
watermarks; 12 coats 
of arms, 2 scales, 2 
horns, 2 lions 1, 
Bishop's crosier IPH 
R1/1; covering sheets 
and endleaves coat of 
arms depicting the 








8, 9, 10, 
11, 12/1cm 
6ND 1688 245 and 
440x368 
Nuremberg 2 types of watermarks 
- coats of arms and 
Hermes cross on 7 
















Nuremberg 3 types of watermarks 








By comparing the collected data, it can be concluded that one watermark appears in 4 books (3ND, 
4ND, 2ND, and 5ND) out of 7 reviewed book sheets. The watermark appears on papers used by 
Valvasor for his editions and whose prints he printed on his estate in Bogenšperk. A search of databases 
and watermark literature resulted in a watermark that could be linked to this watermark. It is a 
representation of the coat of arms above which is a crown with a cross, on the left three dragons rising 
above each other, and on the right a cross. While studying the literature232, the most similar sign was 
found, which originates from a paper mill from St. Ruprecht near Klagenfurt, dated 1606, and it is 
 
232EINEDER, G. The ancient paper-mills of the former Austro-Hungarian Empire and their watermarks. Hilversum 





probably the current coat of arms of the present-day province of Carinthia in Austria (Figs. 86, 87, and 
88). The history of the mill233 is also familiar, so it can be assumed that Valvasor used paper from that 
paper mill for his books. This leads to the conclusion that Valvasor himself ordered papers for his 
printing house precisely from a paper mill from St. Ruprecht near Klagenfurt in Carinthia (present-day 
Austria). 
   
Fig. 86 Photograph of 
watermark from book 5ND 
Fig. 87 Photograph of a 
watermark from literature 
(footnote 231) 
Fig. 88 Coat of arms of 
Carinthia around 1475234 
 
Analyzing the position of the paper mold and watermark lines on a sheet of paper can lead to a rough 
raw paper format. The position of the watermark at the end of the 13th and in the 14th century was 
very variable and arbitrary, but, later, the position was in the middle of one half of the sheet of 
paper235. 
In table no. 45, the data on sheet dimensions, formats, and position of watermarks were compared in 







233The first owner of a paper mill in the area is mentioned in 1599 - GEOR GRINZ, papermaker. 1600 HANS 
SEYFRIED; 1606 - in this mill an interesting emblem of the Carinthia region (Carinthia) is used; 1613 - CHRISTOF 
SEIDNER papermaker (?); 1624 - GEORG KRUPFELDER papermaker (?);1629 - MELCHIOR PUTZ papermaker 
(?);1641 - HANS RUNCK (of Kempten) papermaker (?); 1643 - CASPAR COLMANN of Viktring; 1677 – 1697 
HYRONIMUS JÄGER, who died that year, was the owner or tenant. 
234 Heraldry of the world. Kärnten. Retrieved from Kärnten - Wappen - coat of arms - crest of Kärnten (heraldry-
wiki.com), [cited 2020 23 October]. 
235LABARRE, E. Dictionary and encyclopaedia of paper and paper-making, with equivalents of the technical terms 







Tab. 45 Formats and dimensions of paper sheets and the position of the watermark in relation to the 
format 
Sample group label Paper Sheet 
formats 
The orientation of paper 
mold lines and approximate 
position of the watermark 
Possible raw paper 
sheet format 
1ND 410-420 x 320mm 
Raw format  
 
410-420 x 320mm 
2ND 278 x 190mm 
 
380 x 278mm 
3ND 278 x 179mm 
 
358 x 278mm 
4ND 278 x 180mm 
 
360 x 278mm 
5ND 360-370 x 420-
440mm 
 






Sample group label Paper Sheet 
formats 
The orientation of paper 
mold lines and approximate 
position of the watermark 
Possible raw paper 
sheet format 
6ND Firstsheet:  
245 x 368mm 
Full sheet format 
 
245 x 368mm 
Sheet:  
440 x 368mm 
Folio format 
Full sheet format 
 
440 x 368mm 
7ND Firstsheet:  
240 x 370mm 
Full sheet format 
 
240 x 370mm 
Sheet:  
480 x 373mm 
Folio format 
Full sheet format 
 
480 x 373mm 
 
Due to the uneven edge, it is clear that the sheets of paper in 1ND are of a raw format. In addition to 
the fact that the sheet is of a raw format without trimmed edges, a paper mold imprint is visible where 
the chain lines are vertical and the laid lines are horizontal, while the position of the watermark is in 
the middle of the half of the sheet. The sheet was folded into folio format parallel to the chain lines.  
The sheets in book 5ND show that chain lines are in a horizontal position while laid lines are in a vertical 
position, and the watermark is in the lower zone of the sheet. By comparing the dimensions of the 
sheets and the position of the watermark with the sheets of paper in 1ND, it can be concluded that 





In books 6ND and 7ND, the situation is similar on the covering sheets and sheets on which the 
geographical maps or landscapes of the cities are printed. Thus, on the covering sheets, the position 
of chain lines is horizontal, while laid lines are in the vertical position and the dimensions are similar. 
In these cases, the watermark is also in the lower zone. On the sheets with maps and landscapes of 
the cities, the folio format of the paper is visible; the sheet is folded vertically parallel to the chain lines 
as well as in 1ND, while the laid lines are in a horizontal position. The dimensions of the sheets are 
slightly larger but proportional, as with 1ND. And the position of the watermark is approximately the 
same, in the middle in the right half of the sheet. According to all of the above, it can be concluded 
that this is a full format sheet or paper mold.  
In the three books, 2ND, 4ND, and 3ND, the situation with sheet formats is different. The dimensions 
of the sheets range from 278x179-190mm, with the shorter side in the spine of the book. The 
watermark on the sheets on which it is found is in the middle of the sheet, while the chain lines are in 
a horizontal position and the laid lines are in a vertical position. In addition to the above three books, 
the catalog of the Metropolitan Library lists the format of the book as octavo 8°236, which would 
assume that it is an octavo format of the paper, which, in this case, does not match the position of the 
watermark. If it were an octavo paper size, it would mean that the raw paper size was folded 4 times 
to get 8 sheets in a book and 16 pages. The watermark would have been split in half and visible along 
the edges on several sheets of the book. However, after closer examination, one can conclude that in 
3 books the sheets are actually halves of the raw format, which is confirmed by the dimensions of the 
sheets of paper. If we look at the sheets of the three books in this way, it can be concluded that the 
entire formats are very similar to the covering sheet formats in the books 6ND and 7ND. 
By comparing the formats and colors, it can be concluded that, throughout the 17th century, there 
were no accurate and prescribed standards in either color or paper format. The same or similar formats 
can be linked either by the same publisher, printer or the same paper manufacturer. According to 
historical data, paper formats were determined mainly by papermakers, so the formats were very 
different in size and proportions; by agreement of German papermakers in 1883, twelve "normal 
formats" were introduced, which were widely used237. It can be concluded from the above that, in the 
17th century, there was no standard in paper production which led to so many different paper formats 
and colors because each papermaker created them himself. 
By analyzing the dimensions of the sheets, the imprint of the paper mold, and the position of the 
watermark, it can be concluded that in all the researched books, the sheets of paper originate from 
two paper mold formats. The dimensions of the smaller format are 245-278x360-380mm and larger 
360-370x420-440mm. 
By examining the dimensions, watermarks, and paper mold imprints, several conclusions were 
reached, so the same watermarks on different sheets do not have the same dimensions, which 
indicates that the manufacturer used several molds for the same type of paper. It has been observed 
in several examples that the covering sheets and endleaves are of the same type of paper with the 
same watermark while the other sheets of paper from the book block are of a different type with 
 
236 KLAJN, H. Mali leksikon štamparstva i grafike. Beograd : Izdavački zavod Jugoslavije, 1979, pp. 76, Format 
papira str.76; Folding the paper sheet once: 'folio' (2 sheets = 4 pages), second folding: quarto (4 sheets = 8 pages), 
third folding: octavo (8 sheets = 16 pages).  





different watermarks. In one example, this also applies to the orientation of the paper, so the covering 
sheet and the endleaf are oriented in one direction, while the other papers from the book block are 
oriented in the other direction. By examining the watermarks, it can be concluded that in most cases 
they are coats of arms. To determine whether these are either coats of arms of families, cities, or 
provinces, additional research is needed that can help with the provenance and dating of sheets of 
paper.  
Imaging the surface of sheets of paper with a digital microscope showed specific fibers and the 
regularity of their appearance in the paper. The fibers that appear most often in paper are those called 
Thin Light Brown Fiber TSSV followed by those called Thick Light Brown Fiber DSSV and certainly the 
most interesting are Thin Blue Fibers TPV and Thin Red Fibers TCV. It has been observed that the least 
amount of such specific fibers was found in book 5ND, which is a volume of geographical maps 
obviously printed on papers of better quality. Most white fibers have a measured thickness of 0.014 
mm to 0.017 mm, which is the width of flax and hemp fibers according to the literature238 (flax: 5-
38µm; hemp:10-51 µm). 
Surface pH measurement of the paper showed that most of the values in the acidic range were 
between 4 and 5, which, at first glance, would indicate degradation of the paper, but the paper appears 
stable with no signs of degradation. The acidic pH of paper could be affected by several factors - from 
additives in the paper to improve the writing and printing properties to the origin of the fibers. In 
Valvasor's time, the most famous additive in paper that served to bind fibers in the structure of paper 
was gelatin239.  
 
238ILVESSALO-PFÄFFLI, SISKO M. Fiber atlas identification of papermaking fibers. Berlin : Springer Verlag, 1995, 
pp. 299. 
239During the production of paper, gelatin often deteriorated and changed its properties. In order to prevent all 
these changes, a special additive was added to improve the viscosity of the gelatin and prevent its spoilage. It 
was alum, aluminum potassium sulfate; KAl(SO4)2 × 12 H2O. The earliest use of gelatin in paper probably occurred 
in Europe in 1337 (Dard Hunter 1947). The earliest use of alum in combination with gelatin is believed to have 
occurred during the 1500s. And evidence of the first use of alum appears in a paper-making manual from 1634, 
and by 1660 the use of alum was common in paper mills. (William Barrow 1974)239 
(https://web.archive.org/web/20120425053027/https://pacer.ischool.utexas.edu/html/2081/1396/j-thurn-03-
alum.html;  28.september 2019.). The process of applying gelatin, with the probable addition of alum, proceeded 
in such a way that, after formation, the sheets of paper were immersed in a solution of gelatin and alum and it 
would remain on the surface of the paper. Later, in 1807, surface gluing was replaced by gluing in bulk when 
natural glues of plant and animal origin (gelatin, starch, etc.) were replaced by rosin and alum (aluminum 
potassium sulfate). This method of gluing paper, with minor changes, has remained the same to this day. 
Although this significantly accelerates the production of paper, it is then that its quality begins to deteriorate, 
and its durability decreases (T. Mušnjak, Arhivi: Između digitalnih zapisa i ubrzanog propadanja gradiva na 
kiselom papiru, Arhivski vjesnik, god. 44 (2001), pp. 61-70). Assuming that the gelatin solution used was 
approximately 3%, a calculation from one set of Lalande values suggests that about 27% of alum was added, 
based on the weight of the dry gelatin. (http://paper.lib.uiowa.edu/european.php#_edn82; 28 September 
2019.). Since lignin is one of the accompanying ingredients of stem fibers (which include flax and hemp), it is 
known to affect the acidity of paper with aging. The content of lignin in the chemical composition of flax and 
hemp fibers is 2.5% for flax (Ružica Čunko, Maja Andrassy; Fibers; KPD Zrinski, Čakovec, 2005; pages 115, 116) 
and 3.7 - 5.7% for hemp (N.P.G. Suardana, Yingjun Piao, Jae Kyoo Lim; Mechanical properties of hemp fibers and 
hemp/pp composites: effects of chemical surface treatment; Materials Physics and Mechanics 11 (2011); pages 





By observing the measured values of optical properties, it can be seen that the whiteness ranges from 
40-60%, and yellowness from 20-30%, which leads to the conclusion that it is a yellowish and not very 
light paper. When you look at the results of measuring the opacity of paper, the values are very high, 
80 - 90%, and, in some areas, they could not even be displayed because they exceeded 100% complete 
opacity. The measured values for gloss are very small, 1 - 2, which leads to the conclusion that the 
measured papers have very low gloss.  
When we summarize all the results of measurements and recordings, the 17th-century papers from 
Valvasor 's collection of the Metropolitan Library of the Archdiocese of Zagreb can be characterized 
(Tab. 46). Thus, by analyzing the dimensions of the sheets, the imprint of the paper mold, and the 
position of the watermark, it can be concluded that in all the researched books, the sheets of paper 
originate from two paper mold formats. Smaller format dimensions 245-278x360-380mm of paper 
mold imprints with chain lines of 22-28mm and laid lines of 7-10 lines/1cm and larger format 360-
370x420-440mm paper mold imprints with chain lines of 23-28mm and laid lines of 8-10 lines/1cm. 
That the majority the watermarks found on the papers are in the form of coat of arms and that one 
watermark most often appears in editions printed by Valvasor on his estate in Bogenšperk. It is a 
watermark depicting the coat of arms of Carinthia, which is identified as a watermark of the paper mill 
from St. Ruprecht near Klagenfurt in Carinthia (present-day Austria). Considering that the textual parts 
of the books were printed in the printing house of Valvasor's contemporary, Janez Krsnik Mayr, in his 
branch in Ljubljana240 and, as he was also engaged in bookbinding, it is possible that either Mayr or 
Valavasor procured paper from a paper mill from St. Ruprecht near Klagenfurt.  
Specific fibers were found in the paper and the fibers that appear most often are those called Thin 
Light Brown Fiber TSSV followed by those called Thick Light Brown Fiber DSSV and certainly the most 
interesting are Thin Blue Fibers TPV and Thin Red Fibers TCV. Therefore, it can be concluded that the 
papers were not of the best quality and that Valvasor's editions in the Metropolitan Library were 
perhaps his personal trial copies.  
According to the measured pH values, the paper can be characterized as acidic, which could have been 
caused by the addition of gelatin with alum, which was introduced as a novelty in paper production in 
the middle of the 17th century. It is assumed that the gelatin with the addition of alum was applied in 
a layer on the paper and that this was why acidity was retained in the surface layer of the paper.  
Optical properties showed values similar to today's newsprint, which can be justified by a simple 
production technology similar to that for newsprint, although of a different raw material composition. 
Measurements also showed that there were differences in the covering sheets and endleaves in the 
books compared to the other sheets in the book block. This difference is best seen in the thickness of 
the paper and the gloss of the sheets, as well as in the types of watermark. This would suggest that the 




on the surface, it could be concluded that the acidity remained on the surface in the layer of gelatin containing 
alum.  
240DULAR, A. Živeti od knjig : zgodovina knjigotrštva na Kranjskem do začetka 19. Stoletja. Ljubljana, Zv e za 





Tab. 46 Summary of the results of non-destructive analyses of Valvasor papers 
Analysis  Results 
Paper sheet format dimensions two formata; 245-278 x 360-380mm and 360-370 x 
420-440mm 
Watermarks Coat of arms 
Mould print lines  chain lines 20-28mm 




Gloss  1-2 
pH 4-5 
Specific fibers TSSV i DSSV 
 
Interestingly, the standard deviations are greatest in paper opacity measurements where the maxima 
are 48 on sheets in books 5ND and 29.35 in 7ND. The following are standard deviations for brightness 
measurements with maximum values on sheets in book 7ND, 19.53, and in 5ND, with 11.60. The 
following are standard deviations for yellowing measurements on sheets in book 5ND, 11.89, and 
sheets in book 6ND, 10.84. The lowest standard deviations were recorded when measuring gloss with 
a maximum on sheets in 5ND, 0.90, 2ND, 0.56, and 7ND, 0.67. All of the above points to the conclusion 
that paper sheets in the 17th century were uneven.  
 
3.4.3. Comparison of the results of non-destructive and destructive analyses and the discussion 
Comparing the results of research with non-destructive methods with the results of destructive 
methods aims to show the differences or similarities in papers of the same or different periods. Thus, 
a comparison of the result diagrams of non-destructive and destructive methods according to the types 
of analyses and measurements was made. One diagram shows the measurement results on the papers 
of the Valvasor collection (VC) while the other diagram shows the measurement results on historic 
paper fragments (HP) from the 16th to the 19th century, sorted chronologically by dating to see the 
changes in the paper over the centuries.  
The first comparative diagrams (Figs. 89 and 90) show measurements of paper thickness and it can be 
seen in both cases that the values range from 0.16 to a little more than 0.24mm. An exception can be 
seen in the diagram of Valvasor's papers in several results, but this is the book 5ND (collection of 





out together with the fabric. Although the sample was small, it can be concluded that the thicknesses 
of the paper samples from the 16th and 18th centuries are somewhat lower compared to the papers 
from the 16th - 17th centuries, and that the papers from the 19th century and are of different 
thicknesses as a result of the development of production technology and the possibility of making 
different types of paper. This is confirmed by Timothy Berrett who concludes that the thicknesses 
range from 0.15 mm to 0.30 mm and that towards the 19th and 20th centuries, thickness values 
increased. 
Diagrams of surface pH measurements (Figs. 91 and 92) gave different results, probably due to 
different approaches to measurement. It is a surface measurement of paper pH by a destructive 
method with a drop of water, according to the TAPPI standard T529, which was performed on paper 
fragments and by a non-destructive method without a drop of water. It should be emphasized that the 
results of measurements by the non-destructive method should be taken as an indicative value. Since 
the measurements were not performed according to the prescribed standards, the results were taken 
as indicative for comparison with the results obtained by measurements according to the standards. 
In the non-destructive approach, the obtained pH values are in the acidic range, while in the 
destructive approach these values are different. A comparison with the results of elementary analyses 
of SEM-EDS and XRF on paper fragments shows that the pH depends on the proportion of calcium or 
fillers in the paper. In this research, two things can be concluded - firstly, that the difference in results 
arose from different approaches to measurement and, secondly, that the papers from the 17th century 
have a lower proportion of calcium or fillers in the paper. There is another theory put forward by 
William Barrow which was confirmed by Irene Buckle in all of the research that, when coating paper in 
the 17th century, gelatin with alum was used which remained on the surface of the paper due to which 
the surface of the paper has an acidic pH.  
Observing the diagrams of the brightness and yellowness of the paper from Valvasor's collection (Figs. 
93 and 95), scattering of results may be noticed, whose cause is the books marked 5ND and the 
different papers in it, although most of the measured brightness values range from 40 - 60%. Looking 
at the measured values on the fragments (Figs. 94 and 96), it can be seen that the values in the 16th 
century were lower, then increased during the 17th century, and dropped a little during the 18th 
century, and, finally, increased in the 19th century. An attempt was made to explain the reason for 
such brightness in the proportion of calcium that could affect the brightness or yellowness of the 
paper, so looking at the oldest sample of paper from the 16th century, 10D, it can be seen that the 
brightness is very low at 18.16% (Fig. 30), while the calcium content is high. This indicates the 
conclusion that, by measuring the brightness, we cannot fully confirm the claim that a high percentage 
of brightness means a high proportion of calcium or fillers. The reason for the low brightness values 
despite the high calcium content should be sought in further research. The yellowness diagrams (Figs. 
95 and 96) are inversely proportional to the brightness diagrams, so the scatter of the results when 
measuring Valvasor's papers is repeated - the yellowness in older papers is high and then drops in the 
in 17th ct., after which it slightly increases and drops again in the 19th ct.  
The values of opacity on the papers from the Valvasor collection (Fig. 97) in most samples are very 
similar and range around a very high 90%. The situation is similar with the values of the opacity of 
paper fragments shown through the centuries (Fig. 98) where values range from 90-98%. The 





reaffirms the fact that these two properties of the paper are interconnected, which would mean that 
thinner papers have lower opacity and vice versa.  
The paper gloss in the Valvasor paper diagram (Fig. 99) shows that most of the measured values range 
between 1 and 1.5. The results are again scattered regarding the measured values of the book marked 
5ND (collections of geographical maps) so that, on some samples, the values are up to 2.5. Observing 
the diagram of historic paper fragments through (Fig. 100) a slight increase in gloss towards the 19th 








Fig. 89 Diagram of paper thicknesses on the papers from VC  Fig. 90 Diagram of paper thicknesses on the paper thicknesses on HP 
samples sorted by dating 
 
  
Fig 91 Diagram of surface pH on the papers from VC  Fig. 92 Diagram of surface pH on the paper surface pH on HP samples 





























































































Figs. 93 Diagram of brightness on the papers from VC  Fig. 94 Diagram of brightness on HP samples sorted by dating 
 
  


































































































Fig. 97 Diagram of opacity on the papers from VC  Fig. 98 Diagram of opacity on HP samples sorted by dating 
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4. DATABASE PROCESSING, ANALYSIS AND INTERPRETATION 
4.1. Database analyses 
A survey of the aforementioned databases was conducted to gain insight into the current state of 
historical paper records similar to those found in the Valvasor collection.  
Database analyses are presented in 3 tables, according to the questions asked. The purpose of 
individual databases, specific data, and their representation was analyzed. The tables provide an 
overview of basic data in databases, their quantities, and search possibilities. Finally, the presence of 
paper data, its quantity, and which paper data prevails in a particular database is analyzed.  
In table no. 47, Analysis of the Purpose, Specificity, and Emphasis of The Researched Databases, a 
comparison of the 6 databases was made in the following 3 questions:  
- What is the purpose of the database? 
- What are the specifics of each database? 
- What is the emphasis placed on in the database? 
In table no. 48, Analysis of the Representation of the Amount of Data in Databases, Search Possibilities 
and the Basic/Main Data in the Researched Databases, the following data were compared: 
- What is the amount of data in the database? 
- What is the basic/main data in each database? 
- What are the possibilities of searching by terms? 
In table no. 49 Analysis of data on Quantity, Frequency and Prevailing Paper Data in the Researched 
Databases, paper data in the databases were compared regarding the following issues: 
- What is the presence of paper data? 
- What is the amount of paper data? 
- Which paper data are prevalent? 
Tab. 47 Analysis of the Purpose, Specificity, and Emphasis of the Researched Databases 
Number Database Purpose  Specificity Emphasis  
1 Department of 
Prints and 
Drawings at the 
Croatian 
Academy of 
Sciences and Arts 
- consolidating as 
much information 
about the artworks 




- detailed analysis of 
print plates, prints, 
description of the 
condition of the sheet 
and watermark 
records 
- evaluation of 
the work by 
comparing it with 
prints from other 
collections  
2 Online databases 
of 6 major 
museums 
- to provide basic 
information about 
works from the 
collection to the 
public 
- images are always 
present 
- data about the 









- consolidation of all 
researched data 
from several aspects 
- the collaboration of 
several experts to 
explore all segments of 
artworks on paper 










4 EVTEK online 
database 




sheets, and the 
possibility to search 
by sheets 
- analysis of paper, no 
matter what the paper 









Memory of the 
paper 
- consolidation of 
watermark 
databases in one 
place 










6 IPH International 
Standards for the 
Registration of 





- standardizing paper 
data for international 
use and 
understanding 
- consolidation of all 
important data on 
paper, chemical 
analyses, 
characteristics of the 
watermark, paper mill 
and papermaker 
- harmonization 




according to the 
characteristics of 
the collection  
 
According to the results attached, it may be concluded that the majority of the databases were 
designed to consolidate all the data researched for a single object/unit except IPH, whose purpose was 
to standardize paper data. The specifics are different in all databases, which confirms the differences 
between them. The emphasis of these databases is generally different, except for the two databases 
that both emphasized the connectivity of different types of data. Other databases placed emphasis on 
search possibilities, data harmonization, and the evaluation of the value of artworks on paper.  
Tab. 48 Analysis of the Representation of the Amount of Data in Databases, Search Possibilities and 
the Basic/Main Data in the Researched Databases 




Basic/major data Possibility of searching by 
terms  
1 Department of Prints 
and Drawings at the 
Croatian Academy of 
Sciences and Arts 
14 The title of the artwork 
on paper 
Author 
2 Online databases of 
6 major museums 
10-21 The title of the artwork 
on paper/author 
The title of the artwork on 
paper/author 





18 The title of the artwork 
on paper 






4 EVTEK online 
database 
55 Paper Registration 
Number 
By Administrator, Paper 
Type, Pulp Type, Paper 
Mold Type, Watermark 
Classification, Date and 
Country of Production 
5 Bernstein- Memory 
of the paper 





watermark motif, location 
of use, date, and height of 
the watermark 
6 IPH International 
Standards for the 
Registration of Paper 
with and without 
Watermarks - 
Version 2.1.1 (2013) 
8 basic 
data sets  
The paper registration 
number, but allows for 
the possibility to create 
according to the needs 
of the collection 
By all categories of basic 
data groups 
 
The amount of data or data sets was calculated in the researched databases, and it was concluded that 
the watermark databases had the least data, but they allowed for the possibility to connect to related 
databases. Museum databases had a slightly larger amount of data, while the largest amount of data 
was found at EVTEK. The basic/major data in the 3 museum databases is the title of the artwork on 
paper/author, while for EVTEK and IPH, it is the registration number of the paper sheet, and for 
Bernstein database, it is the appearance and type of watermark. The search for the terms in the 
databases is the same for museums, i.e. the title of the artwork on paper or the author, while it differs 
for other databases. Thus, the EVTEK database can be searched by several terms, referring to the 
appearance and composition of paper, and the Bernstein database may mainly be searched according 
to the characteristics of the watermark, while it is possible to search by IPH standards in the way in 
which it will be given in future databases, or according to all proposed data sets. 
Tab. 49 Analysis of Data on Quantity, Frequency and Prevailing Paper Data in the Researched 
Databases 
Number Database The presence of 
paper data  
The amount 
of paper data 
Which paper data are 
prevalent 
1 Department of Prints 
and Drawings at the 
Croatian Academy of 
Sciences and Arts 
Small presence 6 Watermark 
2 Online databases of 6 
major museums 
Not present - 
small presence 
2-4 Sheet dimensions 











the object  






The researched databases are the ones engaged with paper from different aspects, so how much paper 
information appears in them was researched. First, the presence of paper data in databases was 
researched and expressed in 4 degrees: not present, small presence, medium presence, and fully 
present. It is thus visible that it is least, or not present all, in museums, that its presence in the catalogs 
of the Department of Prints and Drawings at the Croatian Academy of Sciences and Arts and Bernstein 
is small, and medium in the publication Italian Renaissance Drawings, Technical Examination, and 
Analysis while being fully present in the EVTEK and IPH databases. When looking at the amount of 
paper data, IPH has the highest amount, followed by EVTEK, and the publication Italian Renaissance 
Drawings, Technical Examination and Analysis, and then a noticeably smaller number than the one 
found in the aforementioned may be found in Bernstein, and, finally, there is the Department of Prints 
and Drawings at the Croatian Academy of Sciences and Arts. Regarding the question which paper 
information prevails, it may be seen that, out of the six databases, four of them have the watermark 
as a piece of recognizable paper information, while for EVTEK it is the type of paper, and in museums 
the dimensions of the paper.   
 
4.1.1. The Data in the Database and their Relationships 
Each artwork forms an indivisible whole of three elements: content, form, and material. Without the 
unity of these three elements, there is no valid description of a work of art, which means that we must 
translate the visual elements and messages into their meaning in language, and the linguistic terms 
used to express the content of an artwork must be arranged and used in a specific way.241 
In our museums and collections, fine art is traditionally found by its contents and authors, while access 
to its type and physical characteristics is neglected. That is why we always have to bear in mind the 
answers to the following questions when processing fine art: Who? What? When? Where? and How? 
was the Material created and for what purpose.242 
These are quotes from an article about documentation of fine art by author Mikica Maštrović, longtime 
head of the Print Collection of the National and University Library in Zagreb. It is evident that she 
understands the lack of material description when describing an artwork, and her experiences are 
based precisely on print artworks of the same kind as those in the Valvasor collection. Understanding 
the lack of a more extensive material description by the curator of the collection is a good basis for 
creating new models of descriptions and future databases. The material description includes a 
 
241MAŠTROVIĆ, M. Dokumentiranje, izlaganje i predstavljanje grafičke zbirke nacionalne i sveučilišne knjižnice. 
Muzeologija, 2007, Vol. 41/42, pp. 177. 
242 Ibid, pp. 178. 
5 Bernstein- Memory of 
the paper 
Small presence 7 Watermark 
6 IPH International 
Standards for the 
Registration of Paper 
with and without 
Watermarks - Version 
2.1.1 (2013 





description of the print, drawing or painting technique, but the paper as the bearer of the work plays 
a major role in this.  
The description of the sheets of paper within the material description of the paper object has proved 
to be extremely important in the conservation-restoration works on paper. It is the duty of the experts 
in the conservation-restoration industry to keep documentation of the research work (historical, art-
historical, chemical, and physical characteristics of the base of the work) and the ongoing conservation-
restoration works. Within his/her research work, the conserver-restorer often comes up with new 
insights that sometimes change the previous knowledge of the object, resulting in changes in dating, 
material composition, and s/he documents changes that have occurred on the object over time. All 
this sometimes leads to changes in the bibliographic data that need to be updated. Thus, the 
importance of the description of the material of the object, in this case, paper, is evident in the 
conservation documentation itself.  
When it comes to print sheets, the print plate and the sheet of paper may come from different periods, 
so the date given on the plate does not necessarily mean that the print was actually created then. In 
order to prove such facts, it is necessary to analyze the sheet of paper so that it could be dated through 
the material description of the paper, thus discovering the whole history of the print and whether it 
matches the given date, if one exists on the print imprint.  
The analysis of the existing databases from the previous chapter concluded that there are three most 
common types of data: those with a bibliographic description of the work on paper, followed by 
watermark and paper data.  
For the purposes of conservation and restoration, all three types of data need to be individually 
searched in order to unify all contexts of the creation of the work. Bibliographic data are the basic data 
on which research on an object (a sheet of paper) is based, followed by watermark research whose 
results can provide a more detailed dating of the formation of the paper as a bearer. Measurement 
data of general, physical, chemical, and optical paper properties may suggest technological data on 
the formation of paper as the bearer of the work or information. When all the data is combined, 
complete information about the work, bibliographic, historical and technological data, is obtained.  
Aggregating data and compiling a paper database imposes a consideration on the choice of data type 
and their relationship: how much they depend on one another and how much they complement each 
other. For the purpose of better understanding, a scheme/plan was drawn up showing the paper as a 
basic element surrounded by the terms characterizing it (Scheme no. 1).  
There are basic terms surrounding the paper sheet, i.e., information such as a description of the 
artwork the paper is the bearer of, then the properties of the paper, which may be physical and 
chemical, watermark, and paper mold.  
In addition to bibliographic information about the work, the description of the artwork always provides 
some important information about the paper, even though it is not apparent at first glance. The author 
and title of the piece tell us who made the artwork on paper and what title s/he gave it. We often find 
information about the date in such works, which we already discovered alongside the information 
regarding the person/persons who used the paper, what s/he called his/her work and when the work 





addition to bibliographic data, we also obtain information regarding the purpose for which the paper 
was made, although this is sometimes not reliable. 
The properties of paper, whether general, chemical or optical, tell us what a paper is made of and what 
its characteristics are. From the thickness of the paper we can discover for what purpose the paper 
was made, the measured dimensions of the paper tell us what the raw dimensions of the sheet of 
paper were, or the dimensions of the paper mold. When it comes to the chemical properties of the 
fiber composition and other additives in the paper, we can find out more about the technology of 
papermaking at the time it was made and, conversely, determine the date according to the chemical 
composition. From the optical properties of a paper sheet, we obtain information about the properties 
of paper comparable to contemporary paper.   
The watermark is one of the most recognizable features of paper. The mark itself says a lot about the 
provenance, date, place of manufacture, and the purpose of the paper. Its position on the paper, 
however, speaks of the raw format of the sheet of paper, the format of the paper mold, as well as 
whether there was a countermark and what it might have looked like. The appearance of the 
watermark can provide information about the paper mill or the papermaker who made it, since both 
the mills and papermakers had their characteristic marks, from initials, all the way to family coats of 
arms.  
The paper mill is a rare, but very valuable, piece of information. It is possible to discover how the mill 
operated, who it employed, how it produced paper and to whom it was sold from the archival records. 
A papermaker is always attached to the mill, s/he either worked at the mill or worked as an 
independent master, with his/her own mold and watermark, for the mill owner. Here, we can find 
information on the mold and its characteristics, from the manner of weaving, the thickness of the wire 
and the way of embroidering the watermark, all of which can be dated with regard to the 
characteristics of the technology of paper making for a certain period. 
All this information is interconnected. Thus, if there is a date written on paper, we have the information 
of when the work was made, but, if there is a watermark, we can either confirm or deny that date. The 
appearance of the watermark and its position on the paper can suggest in which mill it was made and 
on what type of mold. When defining a date, historical paper information can already suggest how the 
paper was manufactured, from which fibers, and what additives were added to the paper. If we know 
the original paper format, we can find out in which mill it was made in, and when.  
All of this is useful information that contributes to the history of a 17th century object with a paper 
bearer, and it is an interesting period because paper-making technology was already well-developed. 
Valvasor's print collection contains papers dating back to the 15th-17th centuries, so this is an 







Scheme 1, Schematic representation of the relationship of the paper sheet data, its basic features 





The basic object on which the database is based, a paper sheet 
 
 
Paper Sheet Properties 
 
 
The interrelationship between the characteristics of paper 
 
In the Scheme no. 1, a sheet of paper is placed in the center and its characteristics are arranged around 
it in four directions. Above, there are three sets of data we classify into bibliographic data. These are 
the description of the work, the title and author of the work and the date. To the left of the central 
data, there are data on the properties of the paper which branch in three directions, its physical, 
chemical, and optical properties. On the right, there is a data set on the watermark and the position 
of the watermark on the paper sheet. Below the central data, there are data on the paper mold that 
can lead to information on the paper mill, which can, in turn, lead us to more information about the 
papermaker. The arrows going in both directions in the corners of the Scheme indicate how much the 







4.1.2. The Proposal of a Model for Documenting Paper Data from the Valvasor Collection 
After the completion of non-destructive research on paper sheets aimed at characterizing the paper 
of the Valvasor collection in accordance with the conservation-restoration profession, the importance 
of consolidating different types of data was observed. Measuring the pH value of the paper yielded 
interesting results whose possible explanation was the result of studying expert conservation and 
historical literature. Measuring the dimensions of the sheets, the position of the watermark on the 
sheet, and the orientation of the mold resulted in a rough raw format. Studying the most common 
type of watermarks in the collection and studying the coats of arms, the old coat of arms of Carinthia 
was observed, which further revealed that, near the capital of Carinthia, Klagenfurt, there was a paper 
mill operating in the 17th century which protected its products with the coat of arms of Carinthia. By 
measuring the general and optical properties of paper, the characteristics of 17th century paper were 
defined, and it was possible to compare it with today's paper. 
All the examples have shown the justification for researching and consolidating the data collected. 
After all the research and measurement data were collected, two basic groups of data crystallized. 
Those are bibliographic and paper sheet data (Scheme no. 2). 
Bibliographic data encompasses 8 types of data alongside a photo of a paper sheet. Paper Sheet data 
includes two types of basic information about paper properties and watermark. Paper properties are 
divided into three groups: general paper properties, chemical paper properties, and optical paper 
properties. In addition to the watermark data, there is also information about the paper mold and 
whether it is possible to find information about the paper mill and the papermaker in the literature. 
Scheme no. 2 Data divided in groups and types 
 
Bibliographic data (Table no. 50), in some ways, introduces us to the history, as well as the printed, 
drawn or written content on paper. For example, if there is a title, we know the content of the text of 





The name of the author/writer provides information on the origin, content and date. However, 
sometimes, if any type of print (text or graphic) is in question, the dating can be questionable as these 
can be reprinted. 
If specified, the name of the publisher, reference to paper provenance, and the location and country 
of issue provides even more accurate information on paper provenance. Exact dating (creation time) 
is a useful piece of information that more accurately defines the time the paper was used. The object's 
call number is an obligatory piece of information indicating current and former owners. 
Attached to this data set is a photograph of a paper sheet that completes the data with a visual 
representation. In the note it is possible to, alongside all other information, enter additional 
information for which there is no corresponding section, but which is specific to individual sheets. 
The paper data set is divided into two groups, one regarding paper properties and one on the 
watermark (paper mold, paper mill and papermaker). 
According to the conducted non-destructive measurements for paper characterization, data on paper 
properties were divided into three groups (Table no. 51). General Properties with Sheet Measurements 
and Paper Thickness. Attached to all measurements are tables of all measured values from which the 
mean value of the standard deviation is derived. This type of technological approach prescribed by the 
standards gives recognition to this type of data in the present day. 
If a watermark is found on a paper sheet, it is a very valuable piece of information on the date and 
provenance of the paper and, as such, most recognizable to paper historians. In the watermark data 
set (Table no.53) enter the information about the motif (it can be accurately entered according to the 
IPH standard), the position of the sign on the sheet (it is desirable to indicate the distance from the 
edge of the sheet, but a description of the position is also acceptable), IPH mark (IPH standard 
supplement), watermark information from the literature as well as a photographic attachment. A 
photographic attachment should basically include a photograph of the mark in transmitted light, but, 
if possible, UV, Beta-radiograms, etc. A schematic attachment should be provided with the photograph 
of the mark for a clearer view of the mark and mold print. 
The paper mold data set consists of data on the dimensions of chain lines (line spacing in mm), the 
number of laid lines per 1 cm, and the orientation of the screen. Information regarding mold 
orientation is very important for comparison with other sheets in the book. In addition, it can indicate 
the rough dimensions of the raw format as well as the information on the position of the watermark. 
In addition to the watermark data, it is possible to research the data on the paper mill and the 
papermaker and include them in the same set. 
 
Tab. 50 Bibliographic data sheet of paper 
1. Bibliographic data sheet of paper 
Data 
number 
Name of data Description of input data 
1.1. Title The name of the print, book, document or fund 
1.2. Author The name of the author of the text, the name of the author of 
the print drawing templates, the name of the engraver or 
woodcutter, the printmaker name. 





1.4. Publisher Name of the publisher's books or prints. 
1.5. Printmaker Name of book printmaker. 
1.6. Place and country of 
publication 
Name the place, city and country in which the work was 
created. 
1.7. Date Date the book, graphic or document was created. Record the 
dating that was found if it did not match the date the act was 
created with the explanation. 
1.8. Shelfmark List all the signatures you have found and page number in the 
book. 
Photo sheet of paper: 
- The sheet of paper must be photographed in a way that whole format is visible in the frame with 
the information when the photo was created and the author. 
Note: 
-Enter all notes which are not in previous entries. 
 
 
Tab. 51 Properties of paper 
2. General property of paper 
Data 
number 
Name of data Description of input data 
2.1. Paper Sheet 
Dimensions 
A sheet of paper is measured by first stated with height and 
then with width in mm. 
2.2. The thickness of a 
sheet of paper 
According to ISO 534: 2011, the thickness of a sheet of paper 
is measured in 20 measurements, in 20 different places. 
Calculate average and standard deviation. 
Table with paper sheet thickness measurement: 
- Attach a table of all 20 measurements. 
3. Chemical properties of paper 
Data 
number 
Name of data Description of input data 
3.1. Surface pH of paper Surface measurement in 5 measurements according to 
TAPPI T529 if possible with a drop of water. Calculate the 
average and standard derivation. 
Table of surface pH measuring: 
- Attach a table with 5 measurements. 
3.2. Data about fiber on 
surface of the paper 
Describe the observations visible from the surface of a sheet 
of paper recorded with a digital microscope. Fiber width and 
length data. 
Photo paper surface under magnification of 50x: 
- Attach a photo at 300dpi. 
- Description of observations. 
Photo paper surface under magnification of 200x: 
- Attach a photo at 300dpi. 
- Description of observations. 
Photo paper surface under magnification of 200x: 
- Attach a photo at 300dpi. 
- Description of observations. 
-Fiber width and length data. 





4.1. Brightness According to ISO 2470: 1999 brightness is measured in 10 
measurements at 10 different locations. Calculate the 
average and standard derivation. 
Brightness measurement table: 
- Attach a table of all 10 measurements. 
4.2. Yellowness Yellowness is measure in 10 measurements at 10 different 
locations. Calculate the average and standard derivation. 
Yellowness measurement table: 
- Attach a table of all 10 measurements. 
4.3. Opacity According to ISO 2470: 1998 opacity is measured in 10 
measurements on 10 different places. Calculate the average 
and standard derivation. 
Opacity measurement table: 
- Attach a table of all 10 measurements. 
4.4. Gloss 85° According to ISO 2813:2014 gloss 85° is measured in 10 
measurements on 10 different places. Calculate the average 
and standard derivation.  
Gloss 85° measurement table: 
- Attach a table of all 10 measurements. 
 
Tab. 52 Watermark data 
5. Watermark data 
Data 
number 
Name of data Description of input data 
5.1. Motif  Specify the name of the watermark motif according to the 
IPH standard. 
5.2. Description of 
watermark 
Describe the entire watermark with details. 
5.3. Dimension of 
watermark 
Watermark dimensions first height and then width in mm. 
5.4. Position of watermark 
on paper 
Describe the position of the watermark. 
5.5. IPH code of watermark Write a watermark code according to IPH Standard Version 
2.1.1 (2013). 
5.6. Data of watermark 
from literature 
Write watermark data from the literature and list the 
literature. 
Photo watermark in transmitted light: 
- Attach a photo in transmitted light with a scale that measures the dimensions of the watermark. 
Watermark scheme: 





6. Paper mould data 
Data 
number 
Name of data Description of input data 
6.1. Dimension chain lines, 
mm 
Write the distance between the two chain lines in mm. 
6.2. Number of laid lines in 
1cm 
The number of laid lines at 1cm is written. 
6.3. Mould orientation, 
description 
Describe the orientation of mould (the chain and laid lines) 
with respect to the watermark. 
Orientation scheme and mould dimensions: 
- Attach a schematic of the orientation of the mould. 
7. Paper mill data 
Data 
number 
Name of data Description of input data 
7.1. Paper mill data Data about paper mill from literature. Where and when it 
operated and who owned it. 
7.2. Papermaker data 
Data 
number 
Name of data Description of input data 
7.3. Papermaker data Literature data, name of papermaker, where and when he 






4.1.3. Model of data Processing for the Database  
In the preface to the book Introduction to Information Science243 the authors explain the concept of 
information science as the science of organizing, storing and processing, disseminating and using 
knowledge. As a young science, information science is primarily concerned with modern information 
systems and the problems of sharing knowledge, but it is increasingly beginning to explore models of 
organization and sharing knowledge that have emerged and disappeared throughout history.244.  
Documentation of information followed by storage and retrieval influenced the definition of the 
subject and area of information science. Documentation science is thought to have begun in 1895, 
when P. Otlet and H. La Fontaine founded the Institut international de bibliographie, whose task was 
to process recorded human knowledge from all kinds of documents, maps, pictures, and diagrams. 
After that, an emphasis was placed on the processing of the contents of the documents, regardless of 
the format of their presentation. The new discipline, documentation science, is defined as the process 
of collecting, classifying and distributing all documents, of all types and all activities. Such a definition 
of documentation science persisted in Europe even after World War II, and new expressions of 
information retrieval and retention and retrieval began to be used in the United States, until finally, at 
the Georgia Institute of Technology Conference in Atlanta in 1961, the name documentation science 
was definitely rejected, and instead of the former, a new term was introduced - information science245. 
An important step in the development of information systems246 is data processing. Data processing is 
defined as manipulating data to obtain usable forms. Data processing involves not only numerical 
calculations but also procedures such as classifying data or moving them from one place to another247. 
Data processing consists of three basic steps: input, processing and output.  
Input is the step in which initial or input data is prepared in some convenient form for processing. In 
the processing stage, the input data is altered or most often combined with other information to obtain 
the data in a convenient format. In the output stage, all the data processing results are collected. The 
individual form of output depends on the use of the data. 
A database is an organized set of information or data in a computer-readable form. A database signifies 
a set of interconnected data (for example, an address book, a directory, files) that can be searched and 
from which various reports, statistics, reviews, etc. can be obtained. 
There are three database models - hierarchical, network, and relational. A relational database 
organizes data in the form of a table consisting of rows and columns. In a relational system, data from 
one file can be linked to data in another, allowing data from multiple files to be merged. 
In a relational database, an organized data table is called a relation. Each column in the table is called 
a field or attribute. Some data in a field can be modified, but each field contains the same type of 
data. There are a fixed and constant number of fields in a given relation. All the data in a single row is 
 
243TUĐMAN, M., BORAS, D. and DOVEDAN, Z. Uvod u informacijske znanosti. Zagreb : Školska knjiga, 1992. 
244Ibid, pp.7, quote. 
245Ibid, pp.11 quote. 
246An information system may be defined as a set of organized procedures that give the desired output. 






called a record. Each record contains a constant number of fields, but the number of records can vary 
in any given relation. The relation or table is also called a file. 
 
4.1.4. Data Collection process  
The process of data collection was done in several stages (Scheme no. 3). Initially, data types that met 
conservation-restoration norms of non-destructiveness were selected. This was followed by a 
collection of bibliographic data, watermark data, paper mill and papermaker data, recording paper 
sheets in impact and transmitted light, and measuring general, chemical, and optical properties. 
To record measurement data, it was necessary to create special tables according to units and according 
to the type of measurements, adapted to the conditions of measurement (measurements were carried 
out at the Faculty of Graphic Arts). After the recording stage of the measurement data, the 
measurements were entered in a computer-readable form so that they could be processed (calculation 
of the mean and standard deviations). It was then possible to create diagrams for the processed 
measurement data in which these data were comparable. 
The collection of watermark data within a single unit, book/volume began by recording the sheets in 
transmitted light. At the same time, watermark and paper screen schemes were drawn by copying 
them onto transparent films, and their dimensions were measured. Photographs and schematics 
representations of dimensions were included in the watermark and paper condition tables according 
to themes. The same table includes the class and subclass designations of watermarks according to the 
IPH standard. A special table was created with photographic attachments of micrographs taken with a 
digital microscope. 
 
Scheme no. 3 Data processing Cycle 
 
After reviewing the data and comparing it, new insights emerged, and new conclusions could be drawn 
to characterize 17th-century paper, watermarks, and paper provenance from the Valvasor collection. 
All of this data is entered into a database for the purpose of organizing information and data that can 
be easily and quickly compared. Apart from being easier and faster to compare, the data remains 
stored in the database with the possibility of subsequent updating according to the developed model. 
The capabilities of the information system are such that the models change, but the stored data 












To document sheet data, each sheet of paper must be assigned a number/code under which it would 
be registered. The number/code can be created as a combination of the call number and the serial 
number of the sheet in the book/collection/whole. E.g., M11640/14 where M11640 is the mark of 
the call number under which the book is kept in the Metropolitan Library and 14 is the number of a 
registered sheet of paper. The number/code assigned to each sheet of paper thus receives its own 






4.1.5. EXAMPLE sheet of paper from book Topographia Archiducatus Carinthiae modernae. Johann 
Weichard Valvasor; Wagensberg in Krain; 1681.g.; Sign. M11640 
Shelfmark/ sheet of paper ordinal number: M11640/14 
1. Bibliographic data 
1.1. Title Topographia Archiducatus Carinthiae modernae,  
1.2. Author Johann Weichard Valvasor 
1.3. Writer Johann Weichard Valvasor 
1.4. Publisher Johann Weichard Valvasor 
1.5. Printmaker Gedr. Bey Johann Baptista Mayr, Zu Laybach 
1.6. Place and country of 
publication 
Wagensberg in Krain, Slovenia. 
1.7. Date 1681.g. 
1.8. Shelfmark sign.M11640 









179x286 mm  
2.2. The 
thickness 
















1. 0,15 11. 0,14 
2. 0,14 12. 0,14 
3. 0,15 13. 0,13 
4. 0,16 14. 0,13 
5. 0,15 15. 0,14 
6. 0,14 16. 0,14 





8. 0,15 18. 0,14 
9. 0,16 19.  0,14 
10. 0,17 20. 0,13 
 
3. Chemical properties of paper 
3.1. Surface pH of 
paper 
Average pH:  4,90 










3.2. Data about fiber 
on surface of the 
paper 
Uneven fibers. Smaller accumulations of fibers create shadows around 
the chain lines. 
Photo paper surface under magnification of 50x: 
 
Photo paper surface under magnification of 50x: 
 
Photo paper surface under magnification of 500x: 
  
TCSV - a thin black-brown fiber 
Width fibers = 0.020mm 
Fiber length = 0.324mm 
4. Optical properties 
4.1. Brightness, 
% 
Average brightness: 50,17% 
Standard deviation: 8,38 
Number of 


















Average yellowness: 28,01% 
















4.3. Opacity, % Average opacity: 92,44% 
Standard deviation: 2,86 
Number of 
measurements 












4.4. Gloss 85° Average gloss 85°: 1,29 
Standard deviation: 0,16 
Number of 
measurements 












5. Watermark data 






5.2. Description of 
watermark 
Coat of arms, a crown with a 
cross on top. In the central 
part there is a shield which is 
divided into six parts. 
Watermark scheme:  
 
5.3. Dimension of 
watermark 
81x45mm 
5.4. Position of 
watermark on 
paper 
The watermark is located in the middle of the sheet. 
5.5. IPH code of 
watermark 
Z 
5.6. Data of 
watermark from 
literature 
THE ANCIENT PAPER-MILLS OF 
THE FORMER AUSTRO-
HUNGARIAN EMPIRE AND 
THEIR WATERMARKS / BY 
GEORG EINEDER. : 
Author/Contributors: Eineder, 
Georg.; Paper Publications 
Society ; Hilversum : Paper 
Publications Society, 1960 
 
6. Paper mould data 
6.1. Dimension chain 
lines, mm 
23 mm 
6.2. Number of  laid 
lines on 1cm 
9 linija/1cm 







7. Paper mill data 
7.1. Paper mill data SEYFRIED; 1606.g. an watermark used in this mill is coat of arms of the 
Carinthia region (Carinthia); 1643.g. CASPAR COLMANN of Viktring; 
1677 - 1697 HYRONIMUS JÄGER, who died that year, was the owner 
or tenant. 
8. Papermaker data 
8.1. Papermaker data 1613. CHRISTOF SEIDNER papermaker (?); 1624.g. GEORG 
KRUPFELDER papermaker (?); 1629.g. MELCHIOR PUTZ papermaker 









4.2. VALPER Database (Valvasor Paper) 
The database intended for recording and documenting paper from the Valvasor collection of the 
Metropolitan Library of the Archdiocese of Zagreb was named as an acronym for the two English words 
Valvasor and paper, so the word Valper was created.  
In order to be able to record as many sheets of paper from the collection as possible, non-destructive 
research methods were carried out, for which it was necessary to create conditions for storing and 
organizing a larger amount of data in one place. Such a possibility is offered by a database (Microsoft 
Access 2010) in which data can be entered and organized and which, finally, provides the possibility of 
searching and even comparing data within the database. To organize data in preparation for creating 
a database, it is necessary to organize data in the form of a table, which is the basic element of any 
database. 
The creation of the Valvasor collection paper database took place in four phases. The first step was to 
create tables composed of records and fields (Figure no. 101). The fields in the table are named 
according to the data type and the content entered must be defined in a record format such as text, 
number, date or something else, as well as the size of the field or the number of characters entered 
into the field.  
 
Fig. 101 Overview the layout of a table entitled Paper Sheet Data   
 
Each table must be assigned a primary key that is later used to interconnect the tables. Seven tables 
were created for the Valper database. First, there is a table called Paper Sheet Data where the entries 
are bibliographic data, data on the watermark, paper mill, papermaker, and a photograph of the sheet 
of paper. The primary key is a combination of letters and numbers (the call number of the book 
containing the sheet and the ordinal number), the code of the sheet.  
After the table with the data on the sheet, six more tables with three fields each were created. These 





according to the properties of the paper, so there are tables with measurements on paper thickness, 
pH, brightness, opacity, gloss, and yellowness.  
The next stage after the creation of the tables was the creation and naming of queries used to extract 
data from the table (Figs. 102 and 103). Here we select the fields we want in the query, so fields with 
the sheet code, mean value, and standard deviations are created for all types of measurements or 
tables. And a special query for data entry.  
 
Fig. 102 Overview of Queries of opacity 
    
 





Defining the type of data and the way in which the data will be extracted from the tables created the 
conditions for creating the form. Seven forms have been created so that the user could enter and view 
data clearly. These are: General Data, General Properties, Chemical Properties, Optical Properties, 
Watermark, Paper Mold, Paper Mill, and Papermaker. Bibliographic data, dating data, as well as 
photographs of sheets from the face and back of the book, can be entered in the General Data form 
(Fig.104). The General Paper Properties form offers the option of entering the dimensions of the sheets 
and the measured thickness values are entered using a specially created button. This button connects 
us to the table of entering measured values prescribed according to the measurement standards. 
Alongside the possibility of entering an average value of 10 or 20 measurements, the program can also 
automatically calculate the standard deviation. Measured pH values and micrographs of the surface of 
paper sheets (Fig. 106) can be entered in the Chemical Properties form in the same way. Optical 
properties (Fig. 105) are entered in the same way as has been described for thickness.  
 
 







Fig. 105 Overview of the layout of the Valper database form with optical properties of paper 
 
 
Fig. 106 Overview of the layout of the Valper database form with photos of paper surface analysis 
 
The watermark data is entered in the Watermark form and consists of data on the motif, photograph 
in transmitted light, watermark description, watermark scheme, dimensions, position on the sheet, 
IPH mark, and, finally, whether there is data on the watermark from the literature. Paper mold data 
such as chain line dimensions and the number of laid lines per 1cm and paper mold orientation. The 
last form that provides the possibility of an extensive description of the data on the paper sheet, paper 





The layout of the form as a whole is created by general data on the sheet of paper, paper properties 
and data found in the literature. In addition to textual and numerical data, it is possible to store 
photographs and links to web pages with content that supports the stored data.  
 
5. CONCLUSION 
To research historical papers, it was necessary to conduct several different types of research, to 
research historical and bibliographic data, and conduct technological research on paper. Historical 
circumstances influence technological development and bibliographic data provide data on the author, 
dating and content, which intertwined with the research results. 
Modern methods of technological research of paper require compliance with standards that prescribe 
the use of a certain number of samples. The principles of the conservation-restoration profession 
dictate non-destructiveness in their work and do not allow sampling from the objects for scientific or 
any other research. A compromise had to be found between these two rules/principles, the 
measurements and recordings of the object researched had to be adjusted. For this reason, two types 
of research were conducted on two types of samples. Non-destructive research on the surface of the 
paper was conducted on Valvasor's papers, while destructive research on the composition of paper 
was conducted on fragments from two state archives. Such a combination of research could build the 
foundation for the characterization of 17th-century paper from Valvasor’s collection.  
The results of the analyses showed that most of the papers from the Valvasor collection have a 
watermark depicting a coat of arms, that the thickness of the sheets can be characterized as a thicker 
paper. When looking at the results of optical measurements, it can be concluded that the values of 
brightness are relatively low and that yellowness is relatively high, while the opacity is extremely high, 
and the gloss of the paper is extremely low. By comparing the results, a connection between the values 
of paper thickness and opacity was observed, which is clearly visible in the diagrams of thickness and 
opacity measurements on fragments.   
By imaging the surface of the paper with a digital microscope on most of the samples’ fibers defined 
as thick light brown and thin light brown resembling straw were observed. In addition to these fibers, 
blue fibers were also observed, which were also confirmed on an optical microscope on fragments of 
paper. In addition to other mostly flax and hemp fibers, cotton fibers were also present to a lesser 
extent. Blue fibers were morphologically analyzed on an optical microscope to define them as cotton 
and silk fibers. Elemental analyses gave interesting results that confirmed the presence of calcium-
based fillers and the presence of gelatin as a coating in the paper fragments. The amount of calcium 
present can be related to pH and brightness, so it has been shown on paper fragments that acidic pH 
records a smaller peak of calcium in XRF. The height of the calcium peak in XRF coincides with the 
brightness of the paper, so it can be concluded that a higher proportion of calcium yields a higher 
percentage of brightness or a lower percentage of yellowness.  
Other trace elements noted in SEM-EDS and XRF analyses such as aluminum, potassium, and sulfur 
may suggest the presence of alum while silicon may suggest the presence of silicates. This could be 
related to straw; whose stems contain silicates suggesting that straw could have been part of the pulp 





research on the composition of paper in a number of samples. Some other trace elements have been 
noted, which some researchers define as contamination, but future research may also define them as 
part of some components in the paper.  
Individual tests and research of paper properties could be used in the preparation and elaboration of 
conservation-restoration methods. The paper absorbency test with a drop of water, and tests to prove 
the presence of starch and lignin, when possible with regard to destructiveness, are used in the 
research work as a preparation for conservation and restoration work on paper. Nondestructive 
elementary analyses proved to be very useful in identifying the composition of paper, but they can 
only be performed if there are fragments that can be used later in the conservation-restoration 
process.  
From the paper properties in the conservation-restoration practice, measurements of paper thickness 
and analysis of pH value were performed. The measurement of paper thicknesses was carried out for 
the purpose of selecting the paper for the reconstruction of missing parts and pH for testing the acidity 
of the paper, i.e. the possible neutralization procedures. Optical properties such as brightness, 
yellowness, and gloss could be of interest in research before and after conservation-restoration 
procedures to see how much and how individual procedures affect the paper. 
The research collected a larger amount of data, which was recorded in several tables and diagrams 
during the work. There was a need to organize such data in such a way that it could be entered, 
supplemented, and searched later. A database of Valvasor papers called Valper was created with the 
aim of combining data on paper, watermark, paper mold and papermaker with bibliographic data. 
Non-destructively measured values of paper properties can be immediately recorded in the database 
application, thus avoiding cross-recording of data in a table and then in a database. The application 
provides the possibility of statistical processing and calculating the standard deviation.  
Why were Valvasor and his collection selected? Valvasor was a very inventive man of broad interests 
who collected books for his rich library. On his estate in Bogenšperk, he prepared and printed prints 
for which he needed a good and rich library. The library fund mostly includes books from the 17th 
century, authors and works from all over Europe. It is a unique opportunity to have so many papers 
from one period - the 17th century - in one place, associated with one man. The conditions for 
researching 17th century paper and collecting and organizing the data in a database were created.  
 
5.1. Hypotheses 
Hypothesis 1 Valvasor's Print collection of the Zagreb Archdiocese includes a sufficient amount of 
different and diverse papers for the creation of a 17th century paper database.  
According to the obtained measurement results, the thesis of the diversity and difference of the 
characteristics of 17th century paper can be confirmed, and these characteristics are clearly visible 
through organized and documented data in the database. When all the data on the properties of the 
paper are considered, the common characteristic of the paper of the 17th century can be defined. 
Their unevenness gives each sheet of paper a specificity, although, at first glance, this difference is 
visible by touch, color, etc. These differences can be more precisely defined by measurements. An 





difference between individual paper sheets. This confirms the diversity thesis which points to different 
amounts of paper additives to improve paper quality that affected such values. Also, the different 
watermarks in just one book point to the different sources of paper procurement and the different 
papers that differentiated the paper mills.  
Valvasor was collecting his collection and library all his life and it came from all over Europe. Already 
during the analysis of the paper, it was evident that there were different types of paper, which was 
shown in the results of optical properties. All the papers are of European origin and most of them are 
from the 17th century, but, although from different parts of Europe, the technology of making 
handmade paper was very similar and there were regional differences and differences in the 
papermaker's technique which provided the basis for the characterization of paper of the 17th century. 
Hypothesis 2 The database organizes the key identification technical characteristics of individual 
paper sheets from the aforementioned collection  
An analysis of existing databases that collect data similar to those in Valavasor's collection led to the 
conclusion that the processed data on the works lack technical data on sheets of paper. By including 
data of technical non-destructive measurements in the paper documentation model as an important 
part of the database and by processing this data, the thesis that the paper database organized key 
identification technical characteristics of individual sheets of paper from the aforementioned 
collection was confirmed.  
A large amount of data from a single period of handmade paper can be organized through a database 
in a clear and easily searchable way. The database collected enough key data to identify the technical 
characteristics of individual sheets. For example, the position of the watermark can give us information 
about the raw format of the paper sheet and the paper mold, while the properties of the paper suggest 
data on the composition of the paper, the proportion of fillers, the type of specific fibers and the 
coating on the paper.  
Hypothesis 3 The database serves to identify the properties as well as the historical and geographical 
origin of the paper sheets 
By researching watermarks and the origins of publishers and printers, the papers can be placed in a 
particular historical and geographical context. By linking the watermark data obtained with the data 
on Valvasor's business collaborations, the historical and geographical origin of the paper can be 
determined. By entering data on the properties of Valvasor's papers, whether general, chemical, or 
optical, a documentary basis is obtained for the characterization of the properties by which these 
papers are recognizable. This confirmed the thesis that the database serves to identify the properties 
as well as the historical and geographical origin of the paper sheets.  
The data in the Valper database are divided into three parts: general data on the paper sheet, data on 
the property of the paper sheet, and data on the watermark, paper mold and papermaker. General 
data contain information on the title of the work, author, publisher, place of publication, and other, 
i.e. the historical origin of the objects. The paper property data contains data on the general properties, 
chemical and optical properties of the paper sheets thus identifying the paper properties of the 
Valvasor collection. Watermark, paper mold, and papermaker data provide information on the 





analysis, the characteristics of 17th-century paper from a particular mill can be obtained. It showed 
what the general and optical properties were, what the pH value was and what specific fibers other 
than flax and hemp were used.  
Valvasor had a desire to turn his library into a public library for the use of all interested people. Today, 
it is a real treasure that provides information from various areas of the content of the book, binding 
methods, and types of paper. Valvasor left a great mark in history and, by carefully collecting such 







V oviru doktorskega dela so bili zgodovinski papirji raziskani z uporabo nedestruktivnih in destruktivnih 
metod. Nedestruktivne analize so bile opravljene na 144 listih papirja, ki so vezani v zvezke in knjige in 
se nahajajo v Valvasorjevi zbirki iz 17. stoletja. Destruktivne analize so bile opravljene na 10 fragmentih 
papirja, ki so nastali v obdobju od 16. do 19. stoletja in niso del Valvasorjeve zbirke. Predstavljen je 
življenjepis barona Janeza Waikharda Valvasorja in zgodovina njegove zbirke knjig in grafik.  
Rezultati analiz so bili uporabljeni za izdelavo spletne baze podatkov o papirjih iz Valvasorjeve zbirke. 
V podatkovno bazo so vključeni bibliografski podatki, podatki o geografskem in zgodovinskem izvoru 
papirja, podatki o osnovnih, kemijskih in optičnih lastnostih papirja.  
Namen doktorskega dela je opisati in opredeliti zgodovinske papirje iz 17. stoletja iz Valvasorjeve 
zbirke. Cilj je bil pridobiti čim več informacij o sestavi in lastnostih papirjev s primerjavo rezultatov 
nedestruktivnih in destruktivnih analiz, pri čemer smo iskali soodvisnosti in vplive sestave na lastnosti 
papirja.  
Razlog za karakterizacijo zgodovinskega papirja, v tem primeru papirja iz Valvasorjeve zbirke, je 
določitev sestave papirja z namenom razvijanja metod konservatorsko-restavratorskega postopka. 
Poznavanje lastnosti papirja omogoča napovedovanje sprememb na papirju, do katerih bi lahko prišlo 
med konservatorsko-restavratorskim postopkom.  
Raziskave na papirjih iz Valvasorjeve zbirke so se začele s preučevanjem Valvasorjevega življenjepisa, 
njegovih zanimanj in načina življenja. Vsebinski obseg njegove knjižnice in grafične zbirke govori o 
njegovi strasti do raziskovalnega dela in domoljubju. Domoljubje je izrazil s serijo topografij Slovenije 
in predvsem s pomembnim delom Slava vojvodine Kranjske, ki mu je posvetil večino življenja. 
Valvasorjeva grafična zbirka v obsegu 17 zvezkov, ki jih je skrbno zbiral, in je v prvotni obliki ohranjena 
že štiri stoletja, kaže na njegovo strast do zbirateljstva. V zbirki se odražajo vsa njegova zanimanja iz 
umetniških, geografskih, političnih in drugih tem. Ti podatki nam lahko razkrijejo, zakaj, kako in kje je 
Valvasor kupoval knjige in grafične liste, kar pripomore k vedenju o poreklu papirja in natančnejšemu 
datiranju. Danes, njegova knjižnica in grafična zbirka predstavljata dragocen primer originalne 
evropske knjižne vezave in papirja iz 17. stoletja. Redko se najde tako obsežna zbirka iz določenega 
časovnega obdobja, kjer je mogoče na enem mestu najti papirje 17. stoletja. Večina knjig izhaja iz 
nemškega govornega območja in so natisnjene v nemškem jeziku. Valvasorjeva povezanost s tem 
območjem je dragocena informacija, ki pove, od kod je najverjetneje nabavljal papirje za svoje 
publikacije, zbirke in knjižnico, kar lahko  povežemo s proizvajalci papirja na teh območjih.  
Zgodovinski pregled tehnoloških dosežkov pri izdelavi papirja v 17. stoletju razkriva sestavo papirja in 
prikazuje kako je potekal postopek ročne izdelave papirja. Govori tudi o tem, kateri dodatki pri izdelavi 
papirja so bili uporabljeni za izboljšanje kakovosti papirja in kateri dodatki so bili uporabljeni za izdelavo 
določenih vrst papirja. Zbrani zgodovinski in tehnološki podatki o izdelavi papirja ter podatki o 
Valvasorjevem življenju predstavljajo temelj, na katerem so bili postavljeni cilji nadaljnjega 
raziskovalnega dela in izhodišča za eksperimentalni del.  
Osnovno vodilo konservatorsko-restavratorske stroke je nedestruktivnost pri svojem delu na 





kulturnozgodovinski pomen, zato je takšen pristop pri raziskovanju nujen. Ko so bili postavljeni temelji 
za nadaljno delo, so se pojavila sledeča raziskovalna vprašanja:  
• Kako raziskati papirje iz Valvasorjeve zbirke, da bi spoštovali načelo nedestruktivnosti?  
• Ali dajo nedestruktivne raziskave dovolj podatkov za karakterizacijo papirja iz 17. stoletja?  
• Kako obdelati in dokumentirati pridobljene podatke raziskav in merjenj, da bi jih lahko kasneje 
uporabili za opis papirja iz 17. stoletja?  
• Kako oblikovati dokumentacijo, da je enostavna in jasna za uporabo in jo je mogoče izpolniti, 
dopolniti, nadgraditi?  
• Ali lahko podatkovna baza kot dokumentacijsko orodje pomaga pri karakterizaciji papirja iz 17. 
stoletja?  
• Ali lahko takšno orodje poveže različne vrste podatkov od tehnoloških do bibliografskih, ki so 
pomembni pri prepoznavanju lastnosti in izvora papirja?  
Za karakterizacijo papirjev iz Valvasorjeve zbirke so bile izbrane nedestruktivne analize, ki so 
omogočale izvedbo meritev po predpisanih standardih in niso zahtevale vzorčenja. Postopek je 
zasnovan tako, da se merilna naprava lahko prenese do objekta raziskav in da med izvajanjem meritev 
ne pride do mikro poškodb gradiva. Vizualne in fotografske raziskovalne metode so metode, s pomočjo 
katerih je mogoče pridobiti dragocene informacije o videzu, barvi, včasih datumih in zgodovini papirja. 
Z merjenjem dimenzij papirja, vodnega žiga, odtisa sita dobimo splošne  značilnosti papirja. Med 
nedestruktivne analize spadajo tudi analize optičnih lastnosti, katerih rezultati lahko kažejo na sestavo 
in prisotne komponente v papirju.  
Rezultate nedestruktivnih analiz je bilo potrebno dopolniti z destruktivnimi analizami, da bi lahko 
natančneje raziskali sestavo papirja in določili komponente v papirju. Za izvedbo teh analiz so bili 
izbrani fragmenti zgodovinskih papirjev iz obdobja od 16. do 19. stoletja, ki bi bili lahko primerljivi s 
papirji iz Valvasorjee zbirke. Elementne in mikroskopske analize ter testi obarvanja z reagenti, s 
katerimi smo lahko identificirali komponente v papirju, so se izkazale kot dobra dopolnitev raziskave 
zgodovinskih papirjev.  
Uporabljena je bila aplikacija, ki je omogočala obdelavo in organiziranje pridobljenih rezultatov meritev 
ter zbranih informacij o posameznih papirjih. Podatki so razvrščeni po vrstah za vsak list papirja. 
Podatkovna baza, ki temelji na tabelah, je idealno orodje za dokumentiranje tovrstnih podatkov. 
Programi za pripravo baze podatkov lahko prilagodijo aplikacije glede na potrebe raziskovalcev in 
uporabnikov. Takšna orodja omogočajo vnos in statistično obdelavo rezultatov meritev. Kombinacija 
zgodovinskih in tehnoloških podatkov z možnostjo vnosa fotografskega in drugega materiala v 
podatkovno bazo omogoča združevanje in primerjavo podatkov o papirjih.  
Na podlagi zastavljenih raziskovalnih vprašanj in prvotne ideje so bile postavljene tri hipoteze, na 
katere smo s pomočjo raziskav želeli dobiti odgovore.  
Prva hipoteza: Valvasorjeva zbirka zagrebške nadškofije vsebuje zadostno količino različnih in 





samo na enem obdobju ročno izdelanega papirja, je prav ročna izdelava papirja zagotovila raznolikost 
papirjev.  
Druga hipoteza: Baza podatkov organizira ključne identifikacijske karakteristike posameznih listov 
papirja iz omenjene zbirke. Program v podatkovni bazi ureja vse podatke, vključno s tehnološkimi 
podatki in lastnostmi papirjev, ki jih opisuje.  
Tretja hipoteza: Namen podatkovne baze je identifikacija papirjev na podlagi njihovih lastnosti ter 
zgodovinskega in geografskega porekla. Ko so podatki enkrat vnešeni, so organizirani po vrstah in 
obenem v eno celoto. Podatke lahko primerjamo in najdemo stične točke, ki omogočajo prepoznavanje 
lastnosti zgodovinskih papirjev in njihov izvor.  
Tema raziskave v okviru doktorskega dela ima pomembno teoretično in praktično vrednost v 
konservatorsko-restavratorski stroki. Teoretična vrednost raziskave se kaže v tem, da je tako unikatna 
in dragocena knjižna in grafična zbirka zadostna za karakterizacijo papirja v času, v katerem je nastala, 
in v katerem je imela velik pomen. Poleg vsebinskega in materialnega pomena je razviden tudi 
geografski pomen, saj papirji izvirajo iz različnih delov Evrope, kar nam lahko še bolj pomaga pri 
karakterizaciji papirja iz 17. stoletja.  
Kadar z raziskavami pridobimo podatke o sestavi materiala, lahko tudi predvidimo kako se bo le-ta 
odzval  v konservatorsko-restavratorskem procesu, kar omogoča izdelavo delovnih metod in 
načrtovanje postopka. Poleg tega primerjava rezultatov meritev in izvedba analiz v skladu s 
predpisanimi postopki in standardi omogoča primerjavo z drugimi zgodovinskimi papirji, ki so sledili 
istim raziskovalnim metodam.  
Valvasor je skrbno varoval svojo knjižnico in zbirko, in zahvaljujoč Metropolitanski knjižnici, ki jo je 
ohranila do danes, pa je sedaj na nas, da jo tako ohranjeno in raziskano posredujemo naslednjim 
generacijam. Poleg tega, v spletno podatkovno bazo posredujemo dokumentacijo o opravljenih 
raziskavah na papirjih in omogočimo, da se z nadaljnimi raziskavami v prihodnosti, le-ta lahko dopolni 
in posodobi. 
Za preiskavo zgodovinskih papirjev je bilo potrebno izvesti več različnih vrst raziskav in analiz, raziskati 
zgodovinske in bibliografske podatke ter izvesti tehnološke raziskave na papirju. Zgodovinske 
okoliščine vplivajo na tehnološki razvoj, bibliografski podatki pa zagotavljajo podatke o avtorju, 
datiranju in vsebini, kar se prepleta z rezultati raziskav. 
Sodobne metode tehnoloških raziskav papirja zahtevajo skladnost s standardi, ki med drugim 
predpisujejo vzorčenje in uporabo določene količine vzorca za izvedbo meritev. Načela 
konservatorsko-restavratorske stroke pa narekujejo nedestruktivnost pri svojem delu in ne dovoljujejo 
vzorčenja iz objekta za znanstvene ali kakršne koli druge raziskave. Potrebno je najti kompromis med 
tema dvema praviloma/načeloma, in temu prilagoditi meritve in analize gradiva, ki se preiskuje. Iz tega 
razloga sta bili izvedeni dve vrsti raziskav na dveh vrstah vzorcev. Nedestruktivne analize na površini 
papirja so bile opravljene na papirjih iz Valvasorje zbirke, destruktivne analize sestave papirja pa so bile 
izvedene na fragmentih zgodovinskih papirjev vzetih iz dveh državnih arhivov, ki niso bili namenjeni 
hrambi. Tovrstna kombinacija raziskav je ustvarila izhodišče za karakterizacijo papirja iz Valvasorjeve 





Rezultati analiz so pokazali, da je pri večini papirjev iz Valvasorjeve zbirke prisoten vodni žig, ki prikazuje 
grb. Papirje lahko uvrstimo med debelejše papirje in da je pH površine v kislem ali nevtralnem območju. 
Na podlagi rezultatov optičnih meritev, lahko sklenemo, da so vrednosti svetlosti papirjev dokaj nizke, 
rumenosti pa dokaj visoke, da je neprosojnost velika, medtem ko je sijaj papirja izjemno nizek. 
Primerjava rezultatov je pokazala, da obstaja povezava med debelino papirja in opaciteto, kar je lepo 
razvidno v grafičnem prikazu meritev debeline in opacitete na fragmentih zgodovinskih papirjev. 
Pri slikanju površine papirja z digitalnim mikroskopom so bila pri večini vzorcev opažena vlakna, ki smo 
jih opisali kot debela svetlo rjava vlakna in tanka svetlo rjava vlakna, katera močno spominjajo na 
slamo. Poleg njih so bila opažena tudi modra vlakna, katerih prisotnost smo v fragmentih zgodovinskih 
papirjev potrdili z analizo surovinske sestave z optičnim mikroskopom, in ugotovili da gre za bombažna 
in svilena vlakna. Ob lanenih in konopljinih vlaknih, ki prevladujejo, so v manjši meri prisotna tudi 
bombažna vlakna.  
S pomočjo vrstične elektronske mikroskopije z energijsko disperzijskim spektrometrom (SEM-EDS) in 
rentgenske fluorescenčne spektrometrije (XRF) je bila izvedena identifikacija anorganskih elementov, 
s Fourierjevo transformacijsko infrardečo spektroskopijo (FTIR) pa identifikacija kemijske sestave v 
organskih spojinah celuloznih vlaken, polnil in premaza. Elementne analize izvedene na  fragmentih 
zgodovinskih papirjev so dale zanimive rezultate, ki so potrdili prisotnost polnil na osnovi kalcija in 
prisotnost želatine kot premaza. Količino prisotnega kalcija lahko povežemo s pH in svetlostjo papirja. 
Rezultati analiz so pokazali, da papirji s kislim pH izkazujejo manjši vrh kalcija v XRF spektrih. Višina 
kalcijevega vrha sovpada s svetlostjo papirja, večji delež kalcija je bil določen pri papirjih, ki imajo večjo 
vrednost svetlosti in manjšo vrednost rumenosti. Drugi elementi prisotni v sledovih, najdeni pri SEM-
EDS in XRF analizah, kot so aluminij, kalij in žveplo, lahko kažejo na prisotnost galuna, silicij pa na 
prisotnost silikatov. Slednje je lahko povezano s slamo, katere stebla vsebujejo silikate, iz česar lahko 
sklepamo, da so pred uporabo lesnih vlaken pri proizvodnji papirja k celuloznim vlaknom dodajali v 
papirno snov tudi slamo. Vseeno pa je podatke o sestavi papirja, ki smo jih določili potrebno potrditi z 
dodatnimi raziskavami na večjem številu papirnih vzorcev. Z elementno analizo so bili določeni tudi še 
nekateri drugi elementi v sledovih, ki jih nekateri raziskovalci opredeljujejo kot onesnaženje/nečistoče, 
vendar pa obstaja tudi možnost, da jih bodo prihodnje raziskave opredelile kot del še nedoločenih 
dodatkov v papirju. 
Raziskave sestave in lastnosti papirjev ter posamezne metode preiskav opisane v doktorskem delu, bi 
se lahko uporabile pri pripravi in izdelavi konservatorsko-restavratorskih metod. Absorpcijski test 
papirja s kapljico vode, testi za dokazovanje prisotnosti škroba in lignina, se zaradi njihove 
destruktivnosti lahko uporabljajo pri raziskovalnem delu z namenom priprave konservatorsko-
restavratorska dela na papirju. Elementne analize so se izkazale za zelo koristne pri ugotavljanju 
sestave papirja, vendar jih je mogoče izvesti le, če obstajajo fragmenti, ki jih je mogoče kasneje 
uporabiti v konservatorsko-restavratorskem postopku. 
V konservatorsko-restavratorski praksi se izvajajo meritve debeline papirja in analiza pH vrednosti 
površine papirja. Merjenje debeline papirja se izvaja z namenom izbire papirja za restavriranje in 
obnovo manjkajočih delov, merjenje pH pa za določitev kislosti papirja in določitev možnega 
nevtralizacijskega  postopka. Optične lastnosti, kot so svetlost, rumenost in sijaj, so zanimive za 
raziskave lastnosti papirjev pred in po uporabi konservatorsko-restavratorskih postopkov, z namenom 





V raziskavi je bilo zbranih veliko podatkov, ki so bili med delom podani v večjem številu preglednic in 
grafov. Zbrane podatke je bilo potrebno organizirati na način, da se lahko vnašajo, dopolnjujejo in 
iščejo tudi nadalje. Lastnosti papirjev določene z nedestruktivnimi analizami se lahko vnašajo 
neposredno v podatkovno bazo, s čimer se izognemo dvojnemu delu, zapisovanju podatkov v 
preglednico in nato v bazo podatkov. Aplikacija ponuja možnost statistične obdelave in izračuna 
standardnega odklona. Baza podatkov o papirjih iz Valvasorjeve zbirke poimenovana Valper je bila 
ustvarjena z namenom združiti podatke o papirju, vodnem žigu, papirnem situ in papirničarju z 
bibliografskimi podatki. 
Zakaj je izbira padla na Valvasorja in njegovo zbirko? Valvasor je bil zelo inventiven človek z veliko 
interesov, ki je zbiral knjige za svojo bogato knjižnico. Na svojem posestvu v Bogenšperku je pripravljal 
in tiskal grafike, za katere je potreboval bogato knjižnico. V knjižničnem fondu so zbrane knjige 
pretežno iz 17. stoletja, različnih avtorjev in del iz vse Evrope. Valvasorjeva knjižnica predstavlja 
edinstveno priložnost za raziskave, ki na enem mestu vključuje veliko število papirjev iz enega obdobja, 
17. stoletja, povezano z enim človekom. To je omogočilo izvedbo raziskovanja papirja iz 17. stoletja, 
zbiranja podatkov in njihovo organiziranje v bazo podatkov. 
Papir kot podlaga za podajanje informacij, ki nam jih je hotel prenesti Valvasor, je obstojen že štiri 
stoletja, čeprav v primerjavi z današnjimi papirji daje vtis papirja s slabim in umazanim izgledom. 
Vendar, pa njegova obstojnost govori o kakovosti papirja iz 17. stoletja, ki se po svojih lastnostih lahko 
in obenem ne more primerjati z današnjimi papirji. 
Hipoteze 
Hipoteza 1: Valvasorjeva grafična zbirka zagrebške nadškofije vključuje zadostno količino različnih in 
raznolikih papirjev za izdelavo baze podatkov o papirjih iz 17. stoletja. 
Glede na pridobljene rezultate meritev je mogoče potrditi tezo o raznolikosti in različnosti 
karakteristikt papirja iz 17. stoletja, kar je lepo razvidno iz podatkov organiziranih in dokumentiranih v 
bazi. Ob upoštevanju vseh zbranih podatkov o lastnostih papirjev, se lahko ugotovijo tudi njihove 
skupne značilnosti. Raznolikost daje vsakemu listu papirja specifičnost, na prvi pogled je ta razlika vidna 
z dotikom, barvo in podobno. Meritve lahko te razlike natančneje opredelijo. Primer tega so podatki o 
opaciteti papirja, ki so na večini listov pokazali podobne vrednosti, vendar obstajajo razlike med 
posameznimi papirji. To potrjuje tezo o različnosti, ki kaže na različne količine dodatkov v papirju za 
izboljšanje njihove kakovosti, ki vplivajo na take vrednosti. Tudi različni vodni žigi v samo eni knjigi, 
govorijo o različnem poreklu, o papirji iz različnih papirnih mlinov, ki so se razlikovali v lastnostih. 
Valvasor je svojo zbirko in knjižnico zbiral vse življenje in iz vse Evrope. Že med analizo papirja je bilo 
razvidno, da so v zbirki prisotne različne vrste papirjev, kar so pokazali rezultati meritev optičnih 
lastnosti. Vsi papirji sicer izvirajo iz Evrope in večina jih je iz 17. stoletja, in čeprav je bila tehnologija 
izdelave papirjev iz različnih delov Evrope zelo podobna, pa so obstajale regionalne in mojstrske razlike, 
kar je bila dobra podlaga za karakterizacijo papirjev iz 17. stoletja. 
Hipoteza 2: Baza podatkov organizira ključne identifikacijske karakteristike posameznih listov papirja 
iz omenjene zbirke 
Analiza obstoječih baz podatkov, ki zbirajo podatke o gradivih na papirnem nosilcu, je privedla do 





tehnoloških nedestruktivnih analiz v model dokumentiranja papirjev kot pomemben del baze podatkov 
in njihova obdelava je potrdila tezo, da papirna baza podatkov ureja ključne identifikacijske tehnološke 
značilnosti posameznih listov papirja iz omenjene zbirke. 
S podatkovno bazo se lahko veliko podatkov o ročno izdelanem papirju iz enega obdobja organizira 
tako, da so pregledni in enostavni za iskanje. V podatkovni bazi je zbrano dovolj ključnih podatkov za 
prepoznavanje tehnoloških značilnosti posameznih listov. Na primer, položaj vodnega žiga nam lahko 
da informacije o neobdelanem formatu lista papirja in papirnem situ, lastnosti papirja kažejo na 
podatke o sestavi papirja, deležu polnil, vrsti določenih vlaken in premazu na papirju. 
Hipoteza 3: Baza podatkov omogoča identifikacijo lastnosti ter zgodovinskega in geografskega porekla 
papirja 
Z raziskovanjem vodnih žigov, založnikov in tiskarjev lahko papir umestimo v določen zgodovinski in 
geografski kontekst. Povezovanje najdenih podatkov o vodnem žigu, s podatki o Valvasorjevem 
življenju in poslovnem sodelovanju omogoča določitev zgodovinskega in geografskega porekla papirja. 
Z vnosom podatkov o lastnostih papirjev, bodisi splošnih, kemijskih ali optičnih, dobimo 
dokumentirano podlago za opredelitev lastnosti, po katerih so ti papirji prepoznavni. To potrjuje 
hipotezo, da baza podatkov služi za identifikacijo lastnosti ter zgodovinskega in geografskega izvora 
papirjev določenega zgodovinskega obdobja. 
Podatki v bazi Valper so razdeljeni na tri dele: splošni podatki o listu papirja, podatki o lastnostih lista 
papirja in podatki o vodnem žigu, papirnem situ in papirničarju. Splošni podatki vsebujejo podatke o 
naslovu dela, avtorju, založniku, kraju izida in drugem, torej o zgodovinskem izvoru pisnega gradiva. 
Podatki o lastnostih papirja vsebujejo podatke o splošnih lastnostih, kemijskih in optičnih lastnostih 
papirnih listov. Podatki o vodnem žigu, papirnem situ in papirničarju nam posredujejo informacijo o 
geografskem poreklu papirja. S povezovanjem vseh vnešenih podatkov in njihovo analizo lahko dobimo 
karakteristike papirja iz določenega papirnega mlina iz 17. stoletja; kakšne so splošne in optične 
lastnosti, kakšen je pH površine in katera posebna vlakna so prisotna v papirju, razen lanu in konoplje. 
Valvasor je želel svojo knjižnico spremeniti v javno knjižnico za splošno uporabo. Danes je pravi zaklad, 
ki ponuja informacije z različnih tematskih področij, glede načinov knjižne vezave in vrst papirja. 
Valvasor je pustil velik pečat v zgodovini in s skrbnim zbiranjem takšnega knjižnega zaklada nam je 
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